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Background:  Appendicitis  is  the  most  common  disease  requiring  abdominal  surgery  in  children.  However,  the  
diagnosis  of  pediatric  appendicitis  is  still  a  challenge,  resulting  in  perforation  and  negative  appendectomies,  
especially  in  girls  and  young  children.  Further,  the  pathogenesis  of  acute  appendicitis  is  not  known.    
  
Aim: To examine acute appendicitis in children in the aspects of evaluation of the utility of the pediatric 
appendicitis score (PAS) in young children and evaluate factors responsible for the late diagnosis in this age 
group, gender differences, surgical techniques, urinary biomarkers, and the microbiome’s role in the pathogenesis.    
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Leucine-­rich  α-­2-­glycoprotein  (LRG)  was  elevated  in  children  with  appendicitis  compared  to  children  without,  
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Of all the ills within the abdomen 
which cause affliction to the sons of men 
There's none more often puts them in a fix 
than trouble in the worm-like appendix 
 
That caecal tail which sometimes tells a story 
or figures in a scene which may be gory 
That arch-deceiver, symbol of the devil 
which leads to every kind of septic evil 
 
That unexploded bomb which soon or late 
aperients may serve to detonate 
That worm which often turns to bad effect 
and makes us treat it with a great respect 
 
That foul assassin whose supreme delight 
choosing the place and knowing well the site 
To stab below the belt and on the right is 
causing that dread disease - appendicitis. 
 
-” Zeta” (Sir Zachary Cope). The acute abdomen in rhyme. 2nd ed. London, H.K.  
   Lewis & Co. Ltd, 1949. 

 
 
 
 
 
 
 

 

 

 

 

 

 

 
To Sofia, Mamma, Syrran, Ester 
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Thesis at a glance 

V     IV  

III  

II   I     

To  evaluate  the  
m
icrobiom

e  in  pediatric  
appendicitis.    

To  evaluate  the  
perform

ance  of  novel  
urinary  biom

arkers  in  
pediatric  appendicitis.    
   To  com

pare  outcom
es  

betw
een    tw

o-­  and  
three-­trocar  LA  
technique  w

ith  regard  
to  surgery  tim

e  and  
com

plications.  

To  com
pare  boys  and  

girls  w
ith  appendicitis  

regarding  presentation,  
surgery  and  outcom

e.    
   To  com

pare  PAS  and  
presence  of    diagnostic  
delay  in  younger  and  
older  children  and  to  
evaluate  factors  behind  
diagnostic  difficulties    
in  young  children.  

A
IM
  

Prospective  study  of  22  
appendectom

ized  
children  <  15  years.  

Prospective  study  of  44  
children  <  15  years  
w
ith  suspected  
appendicitis.    

R
etrospective  study  of  
259  laparoscopically  
appendectom

ized  
children  <  15  years.    

R
etrospective  study  of  
427  appendectom

ized  
patients  <  15  years.  

R
etrospective  chart  
study  of  122  
appendectom

ized  
children  <  15  years.  

M
ETH

O
D
  

Fusobacterium
  increased  and  B

acteroides  
decreased  in  phlegm

onous  and  perforated  
appendicitis  but  not  significantly,  and  this  
pattern  w

as  not  seen  in  gangrenous  
appendicitis.  N

o  relation  could  be  seen  
betw

een  different  bacteria  and  the  degree  of  
inflam

m
ation,  and  there  w

as  a  w
ide  variation  

of  abundances  at  phylum
,  genus  and  species  

levels.  

LR
G
  w
as  elevated  in  children  w

ith  
appendicitis  com

pared  to  children  w
ithout,  

higher  in  com
plicated  appendicitis  com

pared  
to  phlegm

onous  appendicitis,  and  had  a  R
O
C
  

AU
C
  0.86.  O

R
  for  LR

G
  for  appendicitis  w

as  
8.4.    LR

G
  in  conjunction  w

ith  PAS  show
ed  

95%
  sensitivity,  90%

  specificity,  91%
  PPV,  

and  95%
  N
PV.    

Surgery  tim
e  w

as  significantly  shorter  in  the  
tw
o-­trocar  group  and  the  rate  of  w

ound  
infection  w

as  low
.  

Perforated  appendicitis  w
as  m

ore  com
m
on  in  

boys.  Preoperative  im
aging,  negative  

appendectom
ies  and  operative  com

plications  
w
ere  m

ore  com
m
on  in  girls.    

Young  children  had  low
er  PAS  despite  

severer  appendicitis.  Parent  and  doctor  delay  
w
as  confirm

ed  w
ith  respect  to  children  <  4  

years  w
ith  appendicitis.  Param

eters  in  patient  
history,  sym

ptom
s,  and  abdom

inal  
exam

ination  w
ere  m

ore  diffuse  in  younger  
children.  

R
ESU

LTS  

In  m
ost  cases  of  

appendicitis,  a  specific  
bacteria  does  not  seem

  to  
be  the  prim

ary  event.  

LR
G
  is  a  prom

ising  novel  
urinary  biom

arker  for  
appendicitis  in  children.  

Tw
o-­trocar  LA  is  a  safe  and  

quick  technique  w
ith  a  low

  
rate  of  postoperative  w

ound  
infections.    

There  are  gender  
differences  in  pediatric  
appendicitis  regarding  
m
isdiagnosis,  severity  of  

appendicitis,  and  surgical  
com

plications,    
   PAS  should  be  used  w

ith  
caution  in  children  <  4  years.  
D
iffuse  sym

ptom
s  in  

younger  children  lead  to  
delay  and  to  later  diagnosis,  
and  m

ore  com
plicated  

appendicitis.  

C
O
N
C
LU
SIO

N
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 Abbreviations  

5-HIAA: 5-hydroxyindoleacetic acid 

ANC: absolute neutrophile count 

AUC: area under the curve 

CI: confidence interval 

CRP: C-reactive protein 

CT: computed tomography 

IL-6: interleukin 6 

LA: laparoscopic appendectomy 

LRG: leucine-rich alfa-2-glycoprotein 

MRI: magnetic resonance imaging 

NPV: negative predictive value 

NSAID: non-steroidal inflammatory drugs 

OA: open appendectomy 

PAS: pediatric appendicitis score 

PCR: polymerase chain reaction 

PPV: positive predictive value 

RLQ: right lower quadrant 

rRNA: ribosomal ribonucleic acid 

RLQ: Right lower quadrant 

ROC: receiver operating characteristic 

US: ultrasound 

UTI: urinary tract infection 

WBC: white blood cell  
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Populärvetenskaplig sammanfattning 

Blindtarmsinflammation hos barn – från orsak till 
operation 

De flesta känner någon som blivit opererad för blindtarmsinflammation 
(appendicit), vilket beror på att det är en vanlig sjukdom där nästan var 10:e 
person någon gång under livet drabbas. Många insjuknar när de är relativt 
unga, vanligast är det mellan cirka 10 – 30 års ålder, men sjukdomen kan 
också drabba spädbarn liksom mycket gamla människor. Trots att 
sjukdomen är vanlig vet man inte exakt varför blindtarmsinflammation 
uppstår. Det är klart att bakterier har en roll i sjukdomsförloppet men det är 
oklart om de startar själva processen eller kommer in senare i förloppet. 
Fler personer än dem som egentligen har blindtarmsinflammation, får sin 
blindtarm bortopererad. Detta gäller framförallt flickor/kvinnor, men till 
viss del även pojkar/män. Kirurgen tror alltså att det är 
blindtarmsinflammation men vid operationen eller vid den efterföljande 
mikroskopiska undersökningen så finner man att blindtarmen var frisk. 
Detta vittnar om de diagnostiska svårigheterna som föreligger vid misstänkt 
appendicit. Svårigheten att veta om det är blindtarmsinflammation som 
orsakar barnets magont kan förutom en onödig operation också leda till att 
diagnosen missas vilket kan leda till komplikationer för barnet. 
 
Avhandlingens syfte var att utvärdera flera aspekter av appendicit hos barn; 
bakteriers roll i sjukdomsutvecklingen, hur diagnostik och behandling 
påverkas av barnets ålder och kön, om ämnen (biomarkörer) kan förbättra 
diagnostiken, samt om modifiering av en befintlig operationsmetod kan 
vara till nytta för patienten. Barnen som studerades och ingår i 
avhandlingen är alla behandlade på Barn- och ungdomskirurgiska kliniken i 
Lund. 
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Blindtarmens  lokalisation  i  kroppen.  Notera  den  röda,  inflammerade  blindtarmen  (blindtarmsinflammation).  
  
  

Det första arbetet jämförde blindtarmsinflammation mellan yngre (< 4 år) 
och äldre barn (> 4 år). Det främsta syftet var att se om nyttan av ett 
befintligt så kallat poängsystem för att ställa diagnosen skiljde sig åt mellan 
grupperna. Poängsystemet som används är en sammanvägning av 
sjukdomssymtom, vad läkaren hittar vid undersökning av barnets buk, samt 
resultat från blodprover. Ju högre poäng desto mer troligt med 
blindtarmsinflammation. Det visade sig att de yngre barnen hade lägre 
poäng jämfört med de äldre, trots att de ofta hade en mer allvarlig 
appendicit. Vidare såg vi att både föräldrar och läkare oftare feltolkade de 
yngre barnens symtom och inte trodde det var appendicit. Detta kunde 
förklaras av att de yngre barnens symtom, sjukdomshistoria och fynd vid 
läkarens undersökning var mindre specifika jämfört med de äldre barnen. 
Sammanfattningsvis så fick vi bekräftat att diagnostiken av appendicit hos 
de yngre barnen är svår. Det utvärderade poängsystemet hjälpte inte till i 
diagnostiken av de yngre barnen. 
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I det andra arbetet jämfördes flickor och pojkar som opererats för 
blindtarmsinflammation. Syftet var att se om det fanns könsskillnader i 
insjuknande, diagnostik, operation och eftervård. Vi kunde se att flickor 
oftare feldiagnosticerades, trots att de oftare genomgick ultraljud av buken 
som ett led i diagnostiken. Vidare hade flickorna fler komplikationer vid 
operationen, dock inte när blindtarmen opererades ut med titthålsteknik. 
Pojkar hade oftare sprucken blindtarmsinflammation, detta till trots att det 
inte förlöpte längre tid från insjuknande till operation jämfört med 
flickorna. Sammanfattningsvis sågs flera könsskillnader vid 
blindtarmsinflammation hos barn varav det mest nedslående var den stora 
andelen flickor som feldiagnosticerades.  
 

Vid blindtarmsinflammation är det idag vanligast att man försöker operera 
ut blindtarmen med hjälp av titthålsteknik. Detta innebär enkelt formulerat 
att man genom små hål i huden för in instrument i bukhålan som är 
uppblåst av gas för bättre insyn. I det tredje arbetet beskrev vi en 
modifierad titthålsteknik vid operation av blindtarmsinflammation hos barn 
och jämförde den med den konventionella titthålstekniken. Den 
modifierade tekniken visade sig vara snabbare jämfört med den vanliga och 
resulterade inte i fler komplikationer. Dock kan den modifierade tekniken 
troligtvis inte användas vid alla blindtarmsinflammationer, t.ex. om 
blindtarmen sitter fast mot bukväggen. 
 

Biomarkörer är ämnen i kroppen som kan användas för att diagnosticera 
sjukdomar eller följa ett sjukdomsförlopp. I det fjärde arbetet var syftet att 
se om man med biomarkörer i urin kunde erhålla en säkrare diagnos vid 
blindtarmsinflammation. Urinprov togs på barn som sökte på 
barnakutmottagningen med misstänkt blindtarmsinflammation. Av de fyra 
markörerna som analyserades visade sig en vara lovande: LRG. Denna 
markör ökade mer i koncentration hos barn med blindtarmsinflammation 
jämfört med barnen med annan förklaring till buksmärtan. LRG var också 
mer ökad hos de barnen med allvarligare appendicit jämfört med de med en 
mer begränsad sjukdom. Vi utvärderade sedan hur säker diagnosen av 
appendicit hos de undersökta barnen var om man kombinerade LRG med 
det i första arbetet utvärderade poängsystemet. Om både poängsystemet och 
LRG hade värden som talade emot appendicit så hade endast 5% av barnen 
feldiagnosticerats. Sammanfattningsvis verkar LRG i urin vara en lovande 
biomarkör men fler och framförallt större studier behövs för att bekräfta 
dessa resultat.  
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I det femte och sista arbetet utvärderade vi bakteriers roll vid utveckling av 
blindtarmsinflammation hos barn. De flesta tidigare studier har använt 
metoder (odling) där man missar ca 90% av alla bakteriearter. Enstaka 
studier med nya metoder, där man genom att undersöka förekomsten av 
bakteriernas arvsmassa inte missar några bakterier, har indikerat att 
bakterier som i vanliga fall finns i munhålan verkar ligga bakom 
utvecklingen av appendicit. Vi kartlade den bakteriella arvsmassan i sjuka 
blindtarmar, och jämförde med den i friska blindtarmar som tagits ut från 
barn opererade för annan sjukdom i buken. Något överraskande fann vi 
ökad förekomst av munhålebakterier i de sjuka blindtarmarna, men 
statistiskt sett var det ingen skillnad mot de friska. Dessutom ökade inte 
förekomsten av munhålebakterierna i följd med allt mer allvarlig 
blindtarmsinflammation. Vidare såg vi att det fanns en stor variation i 
förekomsten av olika bakteriearter mellan varje patient, även om man 
jämförde barn med samma svårighetsgrad av appendicit. Vi drog slutsatsen 
att bakterier i de flesta fall förmodligen inte är primärt ansvariga för 
utvecklingen av blindtarmsinflammation.  
 

Sammanfattningsvis är och förblir blindtarmsinflammation en vanlig men 
lurig sjukdom hos barn där vi inte vet orsaken till sjukdomen och har svårt 
att diagnosticera den hos framförallt yngre barn och flickor. Det är 
uppenbart att det behövs nya metoder att diagnosticera sjukdomen, där 
biomarkörer kan vara en väg att gå, framförallt hos de yngre barnen där 
befintliga poängsystem inte verkar vara till nytta. En gissning är att det 
kommer att krävas en kombination av diagnostiska metoder, t.ex. 
poängsystem och biomarkörer, för att nå en förbättrad diagnostisk säkerhet. 
Slutligen har denna avhandling visat att man genom modifiering av en 
befintlig operationsmetod kan göra nytta för barnet, förutsatt att 
diagnostiken från början varit rätt... 
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Introduction 

The appendix 

History 

There are several findings of drawings of what is thought to be appendix 
and appendicitis in early history, going back to the ancient Egyptians and 
further on to Hippocrates (1,2). The first specific documentation is from 
1492 when Leonardo da Vinci sketched the appendix (3) and in 1521 it was 
described in words by Berengario da Carpi (3). In 1543, Andreas Vesalius, 
a professor in anatomy, both illustrated and described the appendix, but 
naming it caecum (blind pouch) (1). Appendix vermiformis was finally 
formulated in 1530 by the Vidius Vidius (4).  

Embryology 

The major part of the intestines, including the cecum and appendix, 
develops from the embryonic midgut. Around the 6th week of gestation, a 
cecal bud develops from the antimesenteric border of the caudal part of 
midgut loop (5). Because the lower part does not grow equally fast, the 
appendix develops and can (histologically) be seen at the 8th week (5,6). By 
week 12, the cecum and appendix lie in the right upper quadrant, as the 
270o degree rotation of the gut is completed. As the proximal colon 
elongates, the appendix and cecum are displaced down to the right side of 
the abdomen where the appendix can assume different, probably random, 
positions (5,6). Because of the unequal growth of the cecum, the appendix 
becomes displaced medially and upward (7). Lymphatic tissue including 
lymph nodes can be seen at 4–5 months of gestation (5). Abnormalities, 
such a agenesis or duplications, are very rare (8). 
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Anatomy 

The appendix originates from posteromedial side of the cecum, at the 
junction of the tenia coli and about 2 cm inferior to the ileocecal junction 
(7,9). The length of the appendix varies greatly but is usually between 5–10 
cm (5). A study from 1932 of 4680 specimens showed an average length of 
8.2 cm (10). The diameter is around 6–7 mm (11). The appendix grows 
from birth until three years of age when it seems to reach its adult size (12). 
 
The appendix is supplied with blood from the appendicular artery, which 
together with the appendicular vein run in the mesoappendix. The 
mesoappendix originates from the mesentery of the terminal ileum, but also 
attaches to the cecum (9). The appendicular artery most often originates 
from the ileocolic artery, which is a branch of the superior mesenteric artery 
(Figure 1). The appendicular vein drains into the ileocolic vein, which then 
drains into the superior mesenteric vein. The lymphatics, which also run in 
the mesoappendix, follow the arterial road (9). The visceral peritoneum has 
sympathetic innervation arising from the celiac and superior mesenteric 
ganglia, while the parietal peritoneum is innervated by somatic sensory 
fibers entering at the T10 level; this explains the classical pain migration 
(9).   
 
The appendix is most often located in the right lower quadrant of the 
abdomen. However, in this location it can have several positions in relation 
to the cecum; retrocecal, retrocolic, descending, pelvic, anterior to the 
ileum, and many more (13) (Figure 1). The different positions of the 
appendix may affect the clinical presentation. The surface anatomy of the 
appendix is in the right iliac fossa. Mcburney’s point, located 1/3 of the 
distance between the right anterior superior iliac spine to the umbilicus, is 
the classical clinical landmark (14).  
 

  
Figure  1.  The  various  positions  of  the  appendix  and  overview  of  its  arterial  blood  supply    
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Histology  

The layers of the appendix are equal to those of the intestine: mucosa, 
submucosa, muscularis externa and serosa. The distinctive histological 
feature of the appendix is the abundance of lymphoid connective tissue in 
the mucosa and submucosa with prominent lymph nodes (15) (Figure 2). 
The lymphatic tissue develops during the first years of the child’s life, 
increases until adulthood, but then steady atrophy is seen (16). The mucosa 
consists of simple columnar epithelium and has irregular crypts that contain 
enteroendocrine cells. Between the muscularis mucosae and the crypts, 
neuroendocrine complexes can be found (17). The longitudinal muscular 
layer does not form tenia coli.   

 
Figure  2.  Histology  of  the  appendix  
Note  the  prominent  lymph  nodes.  

Function 

The appendix is involved in the digestion of cellulose in some mammals. 
Charles Darwin classified the appendix as a rudimentary organ in humans, 
emphasizing its vestigial nature, although very aware of its potency to 
cause illness: “not only is it useless, but it is sometimes the cause of death” 
(18). However, data suggests that the appendix has been preserved in 
mammalian evolution for 80 million years or longer (19). Since Darwin, 
many theories have been put forward of the function of the human 
appendix, but in conclusion, none has been recognized. Two main theories 
are the safe house theory and the sampling theory. 
 
One concept is that the appendix acts as a “safe house” for the normal 
intestinal microbiome (normal microflora). The hypothesis is that 
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microflora is guarded by the appendix mucosa which contains a biofilm 
with secretory IgA. After an infection in the colon, the protected microflora 
in the appendix may be able to re-inoculate the colon (20).  
 
Another theory is that the appendix acts as a sentinel sampling organ. This 
theory is supported by the fact that the appendix is part of gut-associated 
lymphatic tissue (GALT), the significant increase in lymphatic follicles 
from birth to a peak in adulthood, and its production of immunoglobulins 
(15). This, together with the highly strategic position after small intestines 
and the ileocecal valve makes it a candidate for being responsible for 
sampling of antigens (21,22). 

Appendicitis 

History of appendicitis and appendectomy 

The history of appendicitis is somewhat diffuse, often due to not being 
specifically separated from other acute diseases in the abdomen and 
because of the confusion between cecum and appendix (3,23). Probably, 
Jean Fernel, a French physician, mathematician and philosopher, presented 
the first true description of appendicitis in 1544 (3). But it was not until 
1886 that the term appendicitis became commonly recognized when 
introduced by the Harvard professor, Reginald Fitz, who combined the 
Latin word, appendere, to hang upon, with the Greek suffix, -itis, relating 
to (3). Interestingly, in his article “Perforating inflammation of the 
vermiform appendix, with special reference to its early diagnosis and 
treatment”, Fitz noted that the disease may spontaneously resolve (3).  
 
The first appendectomy, that is, removal of the appendix and not just 
drainage, was performed in 1735 by Claudius Amyand (24). The patient 
was an 11-year-old boy with a congenital scrotal hernia in which the 
appendix had become incarcerated; the incision was made through the 
hernia (3). The patient recovered slowly but survived. The first abdominal 
appendectomy was performed in 1880 by the Scottish surgeon, Robert 
Lawson Tait (23). In 1884, the work of Charles McBurney was published 
regarding the now famous point and incision (23). Over 100 years after the 
first abdominal appendectomy, 1981, Kurt Semm performed the first 
laparoscopic appendectomy (25).  
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Epidemiology 

Appendicitis is the most common disease requiring abdominal surgery in 
children over 2 years of age (26,27). The rate of appendicitis in children 
presenting with acute abdominal pain varies in different studies. In one 
prospective study of over 1000 children aged 2–12 years, approximately 
1% had appendicitis (27). In a more recent study, with a retrospective 
review of over 9000 children, the rate was > 4% (28). The life-time risk of 
developing acute appendicitis has been estimated to 8.6% for boys and 
6.7% for girls (26). However, the life-time risk for an appendectomy is 12% 
for boys and 23% for girls (26). The difference in incidence between men 
and women has been reported to decrease in the early 2000s (29,30). The 
lower incidence among women is speculated to be related to female sex 
hormones (31). Studies from Europe indicate that the incidence of 
appendicitis in children is decreasing (32), while the opposite was seen in a 
study from the US (33). The incidence is highest among 10–19 year olds, 
with around 15 cases per 10 000 children per year (33). In the same study, 
the incidence for children 0–9 years old was around 6 cases per 10 000 
children per year (33). Appendicitis is relatively uncommon in children 
under five years of age (34,35). A study from Denmark reported an 
incidence of 2.2/10 000 and 1.8/10 000 for boys and girls under 4 years of 
age, respectively (32). In Sweden, the incidence of appendicitis in patients 
0–18 years was around 13/10 000 children in 2013, and in 2014 over 1800 
appendectomies were performed in children 0–14 years old (36). 

Pathogenesis – what causes appendicitis? 

There are case reports of appendicitis being caused by foreign bodies, such 
as seeds or magnets (37,38). There are also case reports of traumatic 
appendicitis (39). However, appendicitis caused by foreign bodies or 
trauma is of course rare and despite appendicitis being a common disease, 
there have been and still are several controversies about its etiology. The 
main theories that have been suggested are based on diet and hygiene, 
obstruction, immunological characteristics of the patient, and infection. 
However, it is still today, almost 300 years since the first appendectomy, 
safe to say that no one truly knows what causes appendicitis. One general 
hypothesis is that a combination between the inherent immunological 
reactions of the individual, together with a local event in the appendix, may 
lead to appendicitis.  
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That diet may have role in appendicitis was suggested because of the higher 
incidence in developing countries (40–42). Low fiber intake together with 
high intake of refined sugar leading to slow transit time in the bowels was 
thought to explain the geographic difference. The diet hypothesis has 
however been questioned in more recent epidemiological studies where a 
decreasing incidence in appendicitis was seen despite no change in fiber 
intake (43). The hygiene hypothesis was based on the belief that 
improvement in hygiene in industrialized countries leads to less infection 
during infancy and altered immunity reaction to viral infection later on in 
life, which in turn would cause appendicitis (44). In conclusion, neither the 
diet nor the hygiene hypothesis is today seen as valid and does not work 
when looking at the recent epidemiology of appendicitis (43,45).  
 
It has been speculated that different characteristics of the patient’s immune 
response could be correlated with the incidence of appendicitis. There is 
evidence that a T-helper (Th) 2 response protects against appendicitis. The 
hypothesis is that an individual can have a propensity for a certain immune 
reaction in response to an antigen, with either a Th1 or Th2 response. This 
is, for example. supported by epidemiological studies showing correlation 
between Crohn’s disease and perforated appendicitis (Th1), and an inverse 
correlation between ulcerative colitis and appendicitis (46–48). Further, a 
study by Rubér et al. showed a Th17-like cytokine response in gangrenous 
but not in phlegmonous appendicitis (49) 
 
The most common explanation for the development of appendicitis is an 
obstruction of the lumen. This theory is by many still accepted as the direct 
cause of the major cases of appendicitis. As an example, one of the most 
renowned textbooks in pediatric surgery states obstruction to be the main 
cause of pediatric appendicitis (50). The theory is that obstruction is 
followed by the subsequent accumulation of secretions, a rising 
intraluminal pressure, the impairment of lymphatic and venous drainage, a 
compromised mucosal barrier, and finally the overgrowth and invasion of 
microbes within the appendiceal wall (51–54). However, an obstruction due 
to a fecalith, anatomic location, lymphoid hyperplasia, foreign bodies, 
tumors, among other reasons, is found only in around a third of all cases 
(55–57). Additionally, Arnbjörnsson and Bengmark measured the 
perioperative intraluminal pressure and did not find it to be increased (55). 
Their conclusion was that obstruction is not an important etiology but may 
develop secondary to inflammation. In summary, it is clear that the theory 
of an obstruction of the lumen cannot explain the majority of appendicitis 
cases (58). 
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Infection has been proposed as a primary event causing appendicitis (59). 
This is based on studies reporting of appendicitis appearing in clusters (60) 
and of a seasonal variation of the incidence of acute appendicitis (61,62). 
From our own experience, there is a peak in children with appendicitis 
during the first school week after the summer holidays. Studies have, 
however, not found any correlation between viral infections and 
appendicitis (63). Bacteria has an obvious role in appendicitis but so far 
often seen as a secondary event, hence infection after the inflammation; and 
the bacteriology has been widely studied (64–66). Most past studies have 
used conventional culture techniques to evaluate the role of bacteria in 
acute appendicitis. These techniques are effective in evaluating solitary 
bacterial species, but lack the capability of characterizing the polymicrobial 
diversity present (59). With these conventional culturing methods, as much 
as 90–99% of microbes are missed (67). There are a few recent studies 
evaluating the whole microbiome in appendicitis (59,68–71) using rRNA-
based fluorescence in situ hybridization (FISH) or 16S RNA sequencing 
(68,70,71). To summarize, these studies have found a significant increase in 
bacteria normally part of the oral flora in the inflamed appendices, 
especially Fusobacterium.  
 
  
 

 
 
 
 
 
 
 
 
 
 

  
Figure  3.  Perforated  appendicitis  
The  patient  presented  with  a  typical  history  and  was  taken  to  the  operating  theater  for  a  laparoscopic  appendectomy.    

Histopathology and severity of appendicitis  

The diagnosis of appendicitis in children is often confirmed by the 
intraoperative picture of an inflamed appendix. In equivocal cases, 
histopathology can confirm or rule out the diagnosis (which of course 
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requires appendectomy). According to our own experience it is not 
uncommon that an appendix is thought to be inflamed judged by the 
intraoperative macroscopic appearance, but then turns out to be healthy 
according to the histopathology answer from the pathologist. One can 
speculate that this may be due to bias by the operating surgeon, and maybe 
also by trauma to the appendix when manipulating it before deciding to 
perform the appendectomy.  
 
The problem with confirming the diagnosis of appendicitis is that there is 
no standardized definition of the disease. Further, there are controversies 
regarding the terminology of the different grades of appendicitis and 
different pathologists may have different views of the histopathological 
diagnosis (72–74). Some use the word mild or catarrhal appendicitis for an 
appendix with inflammation of the mucosa only. However, there is 
evidence that this should not be considered as a true diagnosis of 
appendicitis (72,75,76). Instead, appendicitis can be confirmed when there 
is an inflammation through all the layers with neutrophil granulocytes in the 
muscularis propria layer (45,76) (Figure 4).  
 
The severity of appendicitis is often categorized from phlegmonous, 
gangrenous to perforated appendicitis. Gangrenous appendicitis differs 
from phlegmonous appendicitis in that there is full-thickness necrosis of the 
appendix wall (58,77). Perforated appendicitis has the same histopathology 
as gangrenous appendicitis and during surgery there is a visual hole in the 
appendix, finding of a fecalith in the abdomen during the appendectomy, or 
spread of purulence within the abdominal cavity (78). With an appendiceal 
abscess there is severe inflammation with pus gathered around the appendix 
and sometimes at other locations in the abdominal cavity, for example an 
abscess in the fossa Douglasii or a subphrenic abscess. 
 
 
 
 

 

            

 
Figure  4.  Histology  of  acute  appendicitis    
Neutrophil  granulocytes  are  seen  in  all  layers.    
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Natural course of appendicitis 

The main philosophy during the last century was that appendicitis always 
proceeded to gangrene and eventually perforation and abdominal sepsis. 
This of course led to the surgeons wanting to take the patients to the 
operating theater as soon as possible. Thus, in the past, the main view has 
been to never miss appendicitis, while accepting higher negative 
appendectomy rates (79).  
 
Today, there is increasing evidence that not all cases of appendicitis will 
progress to perforation. Already noted by Howie in 1964 (76), it seems that 
appendicitis may be self-limiting and spontaneous resolution may occur.  
Howie noted that being less aggressive in taking the patient to the operating 
theater led to fewer patients having to be appendectomized in the end. The 
same result was found by Andersson and colleagues 30 years later (80). 
They concluded that the rate of appendectomy does not influence the rate of 
perforated appendicitis, but the rate of non-perforated appendicitis. The 
same conclusion can be drawn from the studies by Morino et al. and Decadt 
et al. (81,82). In conclusion, it seems that less aggressive surgical 
management leads to fewer patients being diagnosed with appendicitis, 
fewer negative appendectomies, but not an increased number of 
perforations. Resolution of appendicitis has been described clinically and 
radiologically by several authors (83–86), and also shown histologically 
(87). 
 
There are studies showing that an increased time to appendectomy leads to 
a higher rate of perforations. In the light of the new philosophy, this can be 
explained by the fact that most perforations occur at an early stage often 
before arrival at the hospital and that self-limiting appendicitis is quite 
common (88). Hence, it seems hard to decrease the incidence of 
perforations (89,90) and appendectomy in the middle of the night can be 
questioned (90). In large epidemiological studies, it also seems that both the 
proportion of perforations and incidence of perforated appendicitis remain 
on the same levels (80,91,92). In conclusion, perforation rate is not as a 
measure of good diagnostic evaluation. Instead, the rate of negative 
appendectomies is a good measure (93,94).   

Young children and girls are at risk  

Appendicitis classically presents with vague periumbilical pain in the 
abdomen and maybe anorexia. This is followed by nausea and often 
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vomiting, pain migration to the RLQ and more intense pain, and 
development of fever. The process takes around 24–48 hours, and the child 
who despite the initial vague abdominal pain wanted to play, now prefers to 
lie still.  
 
Unfortunately, many children do not present in this classical manner. 
Instead, patient history and symptoms, and findings from clinical 
examination, are more diffuse, especially in the young children (35,95–98). 
The diffuse presentation confuses both caregivers and doctors and both 
parent’s and doctor’s delay have been suggested to contribute to the often 
late diagnosis in the youngest children (34,96,98,99). These diagnostic 
difficulties result in a higher rate of negative appendectomies, as well as a 
higher rate of perforation, increased morbidity, and longer hospital stay 
(34,35,95–98). This is further aggravated in the youngest children 
(95,97,100). In one study of over 63 000 children, every fourth child under 
5 years of age was misdiagnosed (93). The perforation rate is also 
exceptionally high in the youngest children. In the study by Smink et al. of 
33184 children, the overall perforation rate was 33% (101). The perforation 
rate was recently described to be correlated to age in children under five 
years of age (102). The rates were 86% (< 1 year), 74% (1–1.9 years), 60% 
(2–2.9 years), 64% (3–3.9 years), and 49% (4–4.9 years) (102). Similar 
rates have been reported from Denmark, with older children having a third 
of the rate seen in the younger children (32). 
 
Equal to young children, girls are in risk of misdiagnosis. A study by Smink 
et al. of 37109 children showed that the overall negative appendectomy rate 
was 9% (100). This percentage is in several studies significantly higher in 
girls (26,93,99,103). The life-time risk of appendectomy is 23% in girls 
compared to 12% in boys (26). The explanation for the misdiagnosis is 
often referred to girls having acute abdominal pain from ovarian pathology, 
such as ovarian torsion and salpingitis. However, both salpingitis and 
ovarian torsion are very uncommon in the premenarchal girl (104,105).  

Diagnosing appendicitis 

The doctor evaluating the child with acute abdominal pain has several aids 
for confirming or excluding the diagnosis of appendicitis. History and 
physical examination are important but sometimes not fully appreciated; 
instead the doctor relies on laboratory and imaging (93,106). From patient 
history and abdominal examination, together with blood tests, a clinical 
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prediction score can be used. Finally, imaging may aid the clinician, who, 
however, has to decide if the child benefits from the examination or not.    

Clinical scoring systems 

In general, clinical scores for appendicitis use information from patient 
history, abdominal examination, and certain blood tests, to give an estimate 
of how likely it is that the patient has a certain disease. There are several 
clinical scores that aim to confirm or exclude appendicitis (107–113). Of 
these, the Alvarado score (109), the appendicitis inflammatory response 
(AIR)-score (111), and the pediatric appendicitis score (PAS) (113) are 
probably the most well-known (Table 1). Together with PAS, the Lintula 
score is the only score developed specifically for children (108). 
 
The Alvarado score, described in 1986, was actually based on a 
retrospective study of 305 patients with a mean age of 25 (4–80) years 
(109). The score contains eight dichotomized parameters and the maximum 
score is 10 (Table 1). A score of 5–6 is indicative of possible appendicitis, a 
score of 7–8 implies probable appendicitis, and a score of 9–10 indicates 
very probable appendicitis.  
 
The AIR-score was described in 2008 in a prospective study of 545 patients 
with a mean age of 26 years, where the cohort was divided into two parts, 
one for the development of the score and the other for validation (111). The 
score contains eight parameters that are somewhat different from the ones 
in the Alvarado score, and some of the parameters are graded (Table 1). 
The score ranges from 0–12 and is divided into three degrees of probability: 
low (0–4 points), intermediate (5–8 points), and high (9–12).  
 
The Lintula score was described in 2005 and based on a cohort of children 
4 – 15 years of age (108). The score was constructed in a cohort of 131 
children, and the assessment of the score was conducted in 109 children. 
The score uses nine parameters and ranges from 0–32 points (Table 1). Two 
cut-offs at < 15 and > 21 points give three groups of probability: low, 
intermediate and high.   
 
PAS was the first true score for pediatric appendicitis, published in 2002 by 
Samuel, and based on a prospective study of 1170 patients between 4 – 15 
years of age. The study uses eight variables and ranges from 0–10 points 
(Table 1). A child with a score > 6 has probable appendicitis. It was in the 
original study said to have a 100% sensitivity, 92% specificity, 96% PPV, 
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and 99% NPV. PAS has been evaluated in children before (114–119), but 
not specifically in children < 4 years of age which were not an age group 
included in the original cohort from Samuel (113). 
 

In 2013, Kulik et al. evaluated clinical prediction rules for pediatric 
appendicitis in a systematic review (120). The most validated scores were 
PAS and Alvarado, where the PAS validation studies outperformed those of 
Alvarado. However, no study met the study’s pre-defined standards.  
  
Table  1.  Overview  of  clinical  score  systems  for  appendicitis.    
AIR:  appendicitis  inflammatory  response  score;;  PAS:  pediatric  appendicitis  score;;  RLQ:  right  lower  quadrant;;  WBC:  
white  blood  cell;;  CRP:  C-­reactive  protein  
  

  

Parameter   Alvarado   AIR   PAS   Lintula  

Gender            2  (male)  

Vomiting      1      2  

Nausea/vomiting   1      1     

Anorexia   1      1     

Pain  in  RLQ   2   1   2   4  

Pain  migration  to  RLQ   1      1   4  

Intensity  of  pain            Severe  (2)  

Bowel  sounds            4  (absent,  tinkling,  
high-­pitced)  

Rebound  tenderness  or  musciular  
defense  

Light  
Medium  
Strong  

1     
  
1  
2  
3  

   7  

Hopping/percussion/coughing  
tenderness  in  RLQ         2     

Guarding            4  

Elevated  body  temperature         1     

Body  termperature  >  37.50  C   1         3  

Bedy  temperature  >  38.50  C      1        

Leukocytosis  shift   1      1     

Polymorphonuclear  leukocytes  
                                                                                      70–84%  

>  85%  

     
1  
2  

     

WBC  count  
                                                                              >  10  x  109/l  

10  –  14.99/l  
>  15  x  109/l  

  
2  

  
  
1  
2  

  
1  

  

  

CRP  concentration  
10–49  g/l  
>  50  g/l  

     
1  
2  

     

Total  score   10   12   10   32  
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Laboratory tests 

Routine laboratory tests normally used in the work-up in children with 
suspected appendicitis are white blood cell count (WBC), absolute 
neutrophil count (ANC), and C-reactive protein (CRP). These blood tests 
are used to reveal inflammation but are not specific for appendicitis and 
may be elevated in many of the possible differential diagnoses. Further, 
appendicitis in children has in several studies and cohorts been shown to 
occur with normal inflammatory biomarkers (121,122), which we have also 
seen in the cohort studied in this thesis. In a meta-analysis, WBC and CRP 
had a sensitivity and specificity of 62 and 75%, and 57 and 85%, 
respectively (123). In a prospective study of pediatric patients, 80% 
sensitivity and 79% specificity were seen when combining WBC and ANC 
(124). Another study, showed a 98% sensitivity when combining WBC and 
CRP but the specificity was low (125). In a JAMA meta-analysis, WBC, 
with different age-specific limits, had a likelihood-ratio (LR) of 3.4 for 
appendicitis (106). A WBC and ANC less than 8850/µL and 6750/µL, 
respectively, both had a likelihood ratio (LR) of 0.06 (106). CRP had 
greatly varying results as a predictor for appendicitis, a normal value 
seemed to reduce LR with 50% (106). 

Novel biomarkers 
Because the traditional inflammatory markers (WBC, ANC, CRP) are not accurate 
enough, several new biomarkers have been evaluated. These consist of both 
already existing tests now evaluated for their role in pediatric appendicitis (e.g. 
Mean platelet volume, Bilirubin) and more novel biomarkers (126–136). The 
novel biomarkers have mainly been tested in serum but in a few studies also in 
urine. Urine analyses are preferable in children since they are easy to obtain and 
non-invasive. Only three studies have so far evaluated novel biomarkers in urine 
for pediatric appendicitis (130,131,133).  

Urine 5-hydroxyindoleacetic acid (5-HIAA) was evaluated as a diagnostic marker 
by Ozel et al. (133) and was found to be significantly increased in appendicitis 
patients but had a low sensitivity and specificity. The marker does not seem 
promising in adult appendicitis either (137). Leucine-rich α-2-glycoprotein and 
calprotectin are biomarkers reflecting activation, chemotaxis, and neutrophil 
degranulation, and have been evaluated as biomarkers for pediatric appendicitis 
(130,132). LRG (both in serum and urine) have shown promising results 
(130,132), while calprotectin did not (132). LRG is a glycoprotein belonging to the 
leucine-rich repeat (LRR) family of proteins which is involved in signal 
transduction, cell adhesion, and protein-protein interactions (138). The exact 
mechanisms of the function of LRG are not known, but it has been described to be 



31 

elevated in bacterial diseases and is expressed by neutrophils undergoing 
differentiation in the liver and by high endothelial venules of the mesentery such 
as the mesoappendix (139,140). One speculation is that LRG, compared to the 
routine inflammatory markers, reflects a local inflammation, such as the one in 
appendicitis (139). In one of the studies, an immunoassay interference was 
described when analyzed with enzyme-linked immunosorbent assay (ELISA) 
(130). Further, none of the studies has adjusted for dehydration which one would 
expect to be important, especially when analyzing urine. Finally, no study has used 
a novel biomarker in conjunction with a clinical prediction score, compared to 
some of the traditional blood tests that are often incorporated in the scores.  

Radiology 

Imaging has gained an increased importance in the evaluation of the child 
with suspected appendicitis (141). The main purposes of imaging are to 
acquire an earlier diagnosis of appendicitis (or a differential diagnosis) and 
to reduce the rate of negative appendectomies and perforations (141). 
Abdominal radiography has little value unless a concomitant intestinal 
obstruction is suspected. Today, ultrasound (US) is the method of choice 
and preferred to computed tomography (CT), largely due to concerns over 
the risk of radiation exposure (142,143). In a meta-analysis, the sensitivity 
and specificity for diagnosing appendicitis in children were 88% and 94%, 
respectively, for US and 94% and 95%, respectively, for CT (144). 
However, despite the use of an inferior method of imaging, perforation 
rates and negative appendectomies do not increase (142). Finally, there is 
an increasing number of publications regarding MRI for suspected 
appendicitis in children. In a recent study of over 500 children, both 
sensitivity and specificity were 97% (145). Thus, MRI seems to have 
superior diagnostic accuracy compared to both CT and US, and lacks 
radiation exposure. Aspelund et al. compared ultrasound, followed by MRI 
in equivocal cases, with CT in children with suspected appendicitis (146). 
The radiation-free imaging pathway did not result in delay of 
administration of antibiotics or appendectomy, nor in increased negative 
appendectomy rate, perforation rate or length of hospital stay. However, for 
many centers, lack of availability is the major setback. Further, costs, and 
perhaps feasibility in a pediatric population are other concerns. 
 



32 

           
  
Figure  5.  Ultrasound  showing  acute  appendicitis  

  
  
  
  

                                                                   
  
Figure  6.  CT  of  child  with  an  appendicolith  (x)  and  perforated  appendicitis  with  multiple  abscesses  (*)  
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Why we can’t completely rely on existing diagnostic aids 

No clinical scoring system is perfect. One can assume that no present or 
future clinical scoring system can ever be completely trusted. Further, it is 
likely that the score works best in the “same” cohort it was developed from, 
and has lower predictive values in another study population (147). Further, 
in children, one could guess that the score performs differently in a three-
year-old compared to a teenager. However, a good clinical scoring system 
for pediatric appendicitis can significantly aid the (especially young) 
surgeon, and also be an aid in the triage of children with acute abdominal 
pain (147).  
 
Routine blood tests revealing inflammation are often used and may aid the 
clinician in the management of the child with suspected appendicitis, but 
they neither confirm nor rule out appendicitis with sufficient accuracy. 
Several novel biomarkers have been evaluated in pediatric appendicitis, 
where a few seem promising, but the field of research is quite new and 
more studies are needed with improved analyzing techniques and clinical 
parameters used in conjunction with the biomarkers.  
 
Imaging is often relied upon and US is the most used method of imaging in 
children with suspected appendicitis. It has the advantage of being 
radiation-free, but it is operator-dependent and inferior to CT and MRI. 
MRI seems to be superior to both US and CT, but has limits in availability, 
costs and probably feasibility. Finally, a populations-based analysis in 
JAMA showed that despite the introduction of US and CT, the rate of 
perforation has not decreased over time (93). 

Treatment of appendicitis 

The treatment of appendicitis has for a long time equated with surgical 
removal of the appendix, appendectomy. In the 1980s, minimally invasive 
surgery was introduced for treatment of appendicitis, and has undergone 
dramatic developments since then (148). During the last decade, treatment 
with antibiotics has been introduced and evaluated.  
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Surgical treatment 

Open appendectomy (OA) with a McBurney muscle splitting incision in the 
right iliac fossa has been the standard treatment since it was described in 
1894 (149), and has practically not changed significantly since then. The 
technique is often safe but may be difficult if the appendix is not located in 
its normal position. 
 
In 1981, despite massive critique and skepticism from colleagues, Kurt 
Semm performed the first laparoscopic appendectomy (LA) (25). The first 
study of LA in children was presented in 1992 by Ure and colleagues (150). 
In their study of 43 children they concluded that LA was safe but not 
superior to OA regarding pain intensity or use of analgesics. In a Cochrane 
review from 2004 (151), laparoscopy and LA were recommended when 
applicable and available. LA was found to have significantly fewer wound 
infections, but twice as large risk of intra-abdominal abscess. However, 
only five of the studies included had a pediatric population. In 2006, Aziz et 
al. presented a meta-analysis of LA vs. OA in a pediatric population (152). 
Twenty-three studies were included with a total of 6477 children. LA had 
significantly fewer wound infections and ileus, and length of hospital stay 
was shortened, but OA had shorter operative time. The meta-analysis from 
Esposito et al. a few years later included over 120 000 patients between 0–
18 years, and confirmed the shorter operative time for OA but only in the 
case of complicated appendicitis (153). LA had shorter hospital stay in all 
inflammation groups (153). 
 
The minimally invasive or minimally access surgery has continued to 
develop, and the traditional laparoscopic appendectomy with three trocars 
is now being challenged by techniques using only two (154) or one-port 
(single-port laparoscopic appendectomy) (155) or a single incision 
(156,157).  
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Figure  7.  Two-­trocar  laparoscopic  appendectomy    
The  appendix  is  drawn  out  through  the  sheath,  and  an  extra  corporeal  appendectomy  is  performed.  

Antibiotic treatment  

Antibiotic treatment instead of surgery for acute appendicitis has been 
described in several reports throughout history, but it is not until the last 
one or two decades that standardized and randomized trial have been 
performed, both in adults and children.  
 
In the first studies of the pediatric population, the cohort consisted of 
children with perforated appendicitis, where one study showed that 
antibiotic treatment followed by interval appendectomy had significantly 
more adverse events and more time away from normal activities than early 
appendectomy (158). The failure rate of non-operative treatment of 
perforated appendicitis in children is reported to be between 10–41% (159). 
In 2015, Svensson et al. (160) published the first RCT of non-operative 
treatment with antibiotics versus surgery for non-perforated appendicitis in 
children. Of the initial 24 patients who received antibiotic treatment, 22 had 
initial resolution of symptoms of which one later had recurrence during 
follow-up. Further, another six patients had appendectomy because of 
recurrent abdominal pain or request from parents. In conclusion, 62% of the 
children with antibiotic treatment did not have appendectomy during the 
follow-up of one year (160). In a study from Tanaka et al. 29% had 
recurrence after non-operative treatment of uncomplicated appendicitis, 
after a follow-up of 4.3 years (161). Finally, a very recent study with 24 
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patients and 50 controls, concluded that antibiotic treatment is feasible, 
cost-effective, safe, and also preferred by patients and parents (162).  
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Aims 

The overall aim of this thesis was to evaluate several aspects of appendicitis 
in children, regarding pathogenesis, clinical factors, diagnostics, and 
surgical techniques. 

Paper I 

The primary aim was to evaluate the diagnostic performance of PAS in 
children operated on for suspected appendicitis comparing children < 4 
years of age with children > 4 years of age. Secondary aims were to study if 
there was a diagnostic delay in diagnosing appendicitis in younger 
compared to older children, and to identify factors responsible for the 
possible late diagnosis in younger children.  

Paper II 

To compare girls and boys with appendicitis with regard to presentation, 
differences in perioperative care, and outcomes after appendectomy.  

Paper III 

To describe the technique of two-trocar LA and compare outcomes between 
two- and three-trocar techniques with regard to surgery time and 
complications, including the rate of postoperative wound infection. 

Paper IV 

To evaluate predictive values of LRG, calprotectin, IL-6, and Substance P 
in urine in children presenting with suspected appendicitis, and to use the 
most promising of these biomarkers in conjunction with PAS to see 
whether this could improve the accuracy of diagnosing appendicitis.  
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Paper V 

The primary aim was to evaluate the microbiome in the normal appendix 
and in appendicitis specifically divided into the three clinically and 
histopathologically defined grades of inflammation (i.e. phlegmonous, 
gangrenous, and perforated appendicitis). Secondary aims were to examine 
whether there were any microbiome differences between proximal and 
distal appendices, and relate the microbiome with histopathological 
findings. 
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Settings and patients  

Settings 

The patients in papers I–V were all treated at the tertiary center of Pediatric 
Surgery at the Skåne University Hospital, Lund, Sweden. The center serves 
an area of 340 000 inhabitants with primary surgical care for children under 
15 years of age, and an area of 1.3 million inhabitants with primary surgical 
care for children under three years of age. If there is suspicion of 
appendicitis, the patients are referred for a pediatric surgery consultation. 
The referral may be issued by either a pediatrician at the pediatric ER or 
directly from a general practitioner. The consultation is often carried out by 
a resident in pediatric surgery.     

Patients 

Paper I 

The study included all children who underwent appendectomy, from 
January 2010 through March 2014. After excluding patients who had 
undergone an appendectomy during operations for other diseases (N = 32), 
patients with interval appendectomy (N = 6), and patients lacking data for 
calculation of PAS (N = 30), a total of 122 patients were included in the 
study. There were 102 children > 4 years of age with a mean age of 10.5 
years (± 2.9) and 62% males, and 20 children < 4 years of age with a mean 
age of 2.6 (± 0.7) and 55% males. 

Paper II 

The study included all children who either underwent appendectomy or 
were conservatively treated for an appendiceal abscess, between January 
2006 and December 2014. Excluded patients consisted of children who had 
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undergone an incidental prophylactic appendectomy during surgery for 
another diagnosis (N = 87), chronic appendicitis (N = 2), and children with 
severe underlying diseases making symptoms and length of hospital stay 
hard to interpret (N = 4). After exclusion, the study population consisted of 
427 patients; 244 boys with mean age 9.8 years (± 3.4), and 183 girls with 
mean age 9.6 years (± 3.5). 

Paper III 

The study included all children who were operated on with laparoscopic 
appendectomy (LA), between January 2006 and December 2014. After 
exclusion of patients with converted LAs (N = 56), with appendiceal 
abscess (N = 6), or with concomitant intestinal obstruction (N = 3), a total 
of 259 children were left to study. Of these, 168 (65%) underwent surgery 
with the conventional three-trocar technique, and 91 (35%) were operated 
on with two-trocar laparoscopic appendectomy. The children in the three-
trocar group had a mean age of 10.5 years (± 2.8) and 56% were males, 
compared to a mean age of 10.3 years (± 3.3) and 55% males in the two-
trocar group.  

Paper IV 

During the study period between August 2013 and July 2014, a total of 160 
children were admitted for a pediatric surgery consultation because of 
suspected appendicitis. Of these, 45 children had a final diagnosis of 
appendicitis of which 22 children were included with a median age of 11 
years (6–14) years and 55% males. Gender, age, and degree of 
inflammation did not significantly differ between the 22 children included 
and the 23 children not included. Of the 115 children with other final 
diagnoses, 22 children were included with a median age of 9 (3–14) years 
and 68% males (Figure 8).  
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Figure  8.  Flowchart  for  patient  recruitment  in  Paper  IV  
 

Paper V 

During the study period from August 2013 through July 2014, a total of 45 
patients with confirmed appendicitis underwent appendectomy. Of these, 
27 patients (60%; 17 males/10 females) were included in the study, with an 
even distribution over the 12 months. As controls, five patients with healthy 
appendices collected during operations for other conditions (two with 
intussusception, two with malrotation, and one intra-abdominal tumor), 
were also included, resulting in a total of 32 patients enrolled in the study. 
After extraction of DNA and analysis of the microbiome, material from 22 
patients was sufficient and adequate to analyze; three controls (median 2 
years, 33% males) and 19 appendicitis patients (median 9 years, 53% 
males).  
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Table  2.  Overview  of  patients  in  Papers  I–V  
Age  presented  as  mean  +  SD,  or  median  (range);;  N  =  number  of  patients;;  PAS:  Pediatric  appendicitis  score;;      

 

 

 

 

 

 

 

 

Paper  
(Patients)  

Study  
period   Cohort  (eligible)   Excluded   Age/gender  

I  
  

(N  =  122)  

January  2010  
–  March  2014  

Appendectomized  
children  <  15  years  

Incidental  
prophylactic  
appendectomies  (N  
=  32),  interval  
appendectomies  (N  
=  6),  lacking  data  
for  calculation  of  
PAS  (N  =  30)  

102  children  >  4  
years  (10.5  ±  2.9  
years,  62%  
males),  and    
20  children  <  4  
years  of  2.6  (±  0.7  
years,  55%  males)    
  

II  
  

(N  =  427)  

January  2006  
–  December  
2014    

Appendectomized    
children  and  children  
conservatively  treated  for  
an  appendiceal  abscess  
<  15  years    

Incidental  
prophylactic  
appendectomies  (N  
=  87),  chronic  
appendicitis  (N  =  2),  
severe  underlying  
diseases  (N  =  4)  

244  boys  (9.8  ±  
3.4  years),  and  
183  girls  (9.6  ±  
3.5  years).  

III  
  

(N  =  259)  

January  2006  
–  December  
2014  

Laparoscopically  
appendectomized  (LA)  
children  <  15  years  

Converted  
laparoscopies  (N  =  
56),  appendiceal  
abscess  (N  =  6),  
concomitant  
intestinal  
obstruction  (N  =  3)  

168  children  in  
three-­trocar  LA  
group  (10.5  ±  2.8  
years,  56%  
males),  and  91  
children  in  two-­
trocar  LA  group  
(10.3  ±  3.3  years,  
55%  males)    

IV  
  

(N  =  44)  

August  2013  –  
July  2014  

Children  <  15  years  
admitted  for  a  pediatric  
surgery  consult  for  
suspicion  of  appendicitis  

23  patients  with  
appendicitis,  93  
patients  with  other  
diagnosis  

22  children  with  
appendicitis  (11  
(6–14)  years,  
55%  males),  and  
22  children  with  
other  diagnoses    
(9  (3–14)  years,  
68%  males)    

V  
  

(N  =  22)  

August  2013  –  
July  2014  

Appendectomized  
children  <  15  years  

18  patients  with  
appendicitis,  10  
patients  with  
insufficient  material  
after  DNA  extraction  

19  patients  with  
appendicitis  (9  
(2-­14)  years,  
53%  males),  
three  control  
patients  (2  (2-­3)  
years,  33%  
males)  
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Methods 

Study design 

Papers I–III  

Papers I – III were retrospective, institution-based studies. The database of 
medical and surgical records of all children admitted to the Department of 
Pediatric Surgery was used. Patients were searched for using international 
classification of diseases (ICD-10) diagnosis codes (K35.2, K35.3, K35.8, 
K36.9, K37.9) and procedure codes (JEA00, JEA01, JEA10). Parameters 
were drawn from the journals and registered.  

Paper I 
The following information was extracted from the medical and surgical records 
and registered: age, sex, time from onset of symptoms to seeking care (parent’s 
delay), if the child was triaged as acute abdominal pain, how often the child was 
evaluated by a doctor and sent home without suspicion of appendicitis and without 
a rescheduled follow-up (doctor’s delay), which diagnosis was presumed in 
patients with doctor’s delay, presenting symptoms, notes from the abdominal 
examination, presence of leukocytosis and/or neutrophilia, type of radiology used, 
surgeon’s description of the severity of the appendicitis, results from the 
histopathological analysis, duration of hospital stay, and complications. PAS was 
calculated for each patient using the information from patient history, abdominal 
examination, and laboratory tests.  

Paper II 
The following information was extracted from the medical and surgical records 
and registered: Age, weight, time since the appendectomy, symptoms, finding 
from the abdominal examination, results from routine blood tests (WBC, ANC, 
CRP), type of imaging, time to surgery, severity of the appendicitis, method of 
operation, operative time, operative and postoperative complications, 
postoperative pain medication, and duration of hospital stay. PAS was calculated 
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for each patient using the information from patient history, abdominal 
examination, and laboratory tests.  

Paper III 
The following information was retrieved from the medical and surgical records 
and registered: Age, gender, weight, duration of symptoms, time from admission 
to appendectomy, presence of leukocytosis, CRP-value, presence of fever (> 
38oC), the degree of appendicitis, type of surgical method used (i.e., two- or three-
trocar technique), duration of surgery, postoperative pain medication, and 
operative and postoperative complications. 

Papers IV-V 

In Papers IV and V, data were prospectively collected. Age, gender, weight, 
concomitant diseases, current medications, symptoms, results from blood 
tests (WBC, ANC, CRP), and PAS were registered at the Pediatric ER. 

Paper IV 
Urine samples were collected at the Pediatric ER, aliquoted into two sterile tubes, 
and then frozen at -800C. Four novel biomarkers were analyzed in the urine using 
ELISA: leucine-rich α-2-glycoprotein (LRG), calprotectin, interleukin-6 (IL-6), 
and Substance P. To adjust for dehydration, creatinine in urine was also analyzed.  

Paper V 
Immediately after the appendectomy, preparation of the appendix and collection of 
mucosa were carried out. The length and thickness of the appendix were 
measured, 1 cm of each of the distal and proximal parts of the appendix were 
removed, and the appendix cut open with sterile scissors. The mucosa was 
inspected and the presence and distribution of macroscopic inflammation along the 
appendix, as well as possible obstruction, were noted. The distal mucosa and 
proximal 2 cm mucosa were scraped off using a sterile scalpel, put into sterile 
Eppendorf tubes, and immediately frozen. The scalpel was manually sterilized 
between the collection of distal and proximal mucosa. The samples were stored in 
-80◦C until analyzed.  
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Table  3.  Overview  of  methods  in  Papers  I-­V  
PAS:   Pediatric   appendicitis   score;;   CRP:   C-­reactive   protein;;   LRG:   leucine-­rich  α-­2   glycoprotein;;   IL-­6:   interleukin   6;;  
*Doctor’s  delay:  how  often  the  child  was  evaluated  by  a  doctor  and  sent  home  without  suspicion  of  appendicitis  and  
without  a  rescheduled  follow-­up  

  
   Paper  I   Paper  II   Paper  III   Paper  IV   Paper  V  

Study   Retrospective,  institution-­based  study   Prospective  study  

Data  were   retrieved   from   the   medical   and   surgical   records   and  
registered  

registered  at  the  pediatric  ER  

Parameters  
collected  

Age,  gender,  weight,  symptoms.  

Duration  of  symptoms     

If  triaged  as  
abdominal  pain,  
doctor’s  delay*,  
diagnosis  when  
doctor’s  delay.  

Time  to  
surgery,  
follow-­up.  

Time  to  surgery,  
follow-­up.  

Concomitant   diseases,   current  
medications,    

Diagnosis   Surgeon’s  description  and/or  histopathological  analysis.   Surgeon’s   description   and  
histopathological  analysis.  

Blood  tests  

  

  

Presence  of  
leukocytosis  
and/or  
neutrophilia  

Presence  of  
leukocytosis  
and/or  
neutrophilia,  
CRP-­value  

Presence  of  
leukocytosis,  
CRP-­value  

Presence  of  
leukocytosis  
and/or  
neutrophilia,  
proportion  of  
neutrophils,  
CRP-­value  

Presence  of  
leukocytosis  
and/or  
neutrophilia,  
CRP-­value  

PAS  

PAS  was  calculated  for  each  patient  
using  the  information  from  medical  
charts  regarding  patient  history,  
abdominal  examination,  and  
laboratory  tests  

   PAS   was   calculated   for   each  
patient   after   the   work-­up   at   the  
pediatric  ER  

Other  
samples  

         ELISA  
analysis  of  
urine:  LRG,  
calprotectin,  
Substance  
P,  IL-­6  

Creatinine  in  
urine.  

Collection  of  
proximal  and  
distal  appendix  
mucosa.  

Imaging  
Proportion  of  patients  undergoing  
preoperative  imaging  and  type  of  
imaging  used.    

        

Surgery  
   Technique,  

surgery  time,  
complications  

Technique,  
surgery   time,  
complications  

   Fecalith,   mucosa  
appearance  

Postoperative   Length  of  hospital  stay,  complications.   Complications.     
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Definitions 

Routine management of appendicitis at the Department of Pediatric 
Surgery, Lund 

The management of the included children followed the current guidelines 
of the clinic, and was never changed due to the (prospective) studies.  
 
Children with suspected appendicitis are referred for a pediatric surgery 
consultation by the pediatrician at the pediatric ER or by the general 
practitioner. Appendicitis is diagnosed by means of patient history, physical 
examination, routine blood tests (WBC, ANC, CRP), and sometimes with 
the aid of ultrasound.  
 
Appendicitis is treated with appendectomy and never conservatively treated 
except in cases where an appendiceal abscess is diagnosed preoperatively. 
The appendectomy is performed either laparoscopically, with one, two, or 
three ports, or as an appendectomy with a traditional laparotomy in the 
RLQ. An attending surgeon performs or supervises the appendectomy. All 
children receive preoperative antibiotic prophylaxis with 
trimethoprim/sulfamethoxazole and metronidazole, with dosage according 
to age. In the case of a gangrenous or perforated appendicitis, intravenous 
antibiotics is continued for three and five days, respectively; additional 
treatment is often given orally after discharge from the hospital. There is no 
standardized protocol for postoperative pain management at the clinic but 
the treatment often consists of paracetamol, sometimes combined with 
NSAID, and if severe pain; morphine.  

Severity of appendicitis 

The classifications used for the description of the severity of the 
appendicitis in Papers I–V are phlegmonous, gangrenous, and perforated 
appendix, and appendiceal abscess. Gangrenous appendicitis was defined as 
an inflamed appendix with significant gray or black discoloration of the 
wall, and absence of the criteria for perforation (77). The definition of 
perforated appendicitis was a visual hole in the appendix, finding of a 
fecalith in the abdomen during the appendectomy, or spread of purulence 
within the abdominal cavity (78). Absence of macroscopic and/or 
microscopic inflammation rendered the diagnosis healthy appendix 
(negative appendectomy).  
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Histopathology 

In the retrospective studies in Papers I–III the presence of appendicitis and 
the severity of the inflammation was determined by the intraoperative 
picture described by the surgeon, and in equivocal cases by 
histopathological analysis. In the prospective Papers IV–V all appendices 
were sent to the Department of Pathology for histopathological analysis. 

Histopathological examination 
A specialist in pathology performed the histopathological examinations. The 
length and thickness of the appendix were measured, and the outer wall and lumen 
inspected with regard to obstruction, foreign bodies, purulence, and wall defects. 
As a routine, three sections of the appendix 3–5 mm in thickness were cut out: the 
base, the middle part, and the tip. If other parts of the appendix had a different 
gross appearance, sections from these parts were also cut out. The 
histopathological definition of appendicitis was the presence of infiltration of 
polymorphonuclear neutrophils in the muscularis propria layer (45). Gangrenous 
appendicitis was defined as full-thickness necrosis in any of the sections examined 
(77).  

Analysis of routine blood tests 

Analysis of WBC count, ANC, and CRP was performed at the Department 
of Clinical Chemistry according to standard protocols. Reference intervals 
for WBC were 6–16 x 109/L (3 months – 3 years), 5–15 x 109/L (3 – 6 
years), and 5–13 x 109/L (7–15 years). Reference intervals for ANC were 
1.6–6.5 x 109/L (1 – 5 years), 2.4–6.5 x 109/L (5 – 10 years), and 1.2–7 x 
109/L (10 – 15 years). Reference interval for CRP was < 3 mg/L. From the 
values of WBC and ANC, the proportion of neutrophils was calculated. 

Laboratory methods 

Enzyme-Linked Immuno-Sorbant Assay (ELISA) 

ELISA was introduced in the 1970s, developed from radioimmunoassay 
(RIA) discovered by Yalow and Berson, who later received the Nobel Prize 
for this discovery (163). ELISA can be used to establish if, and in what 
amount, a certain protein is present in a sample. Simply put, the main 
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principle for the technique is as follows: an antibody specific for the protein 
(antigen) is added to the sample à a secondary antibody (tracer), specific 
for the primary antibody, is added together with a conjugated enzyme à 
the resulting reaction (often a color change) is measured with a 
spectrophotometry.     

Microbiome analyses 

In recent years, there has been an immense increase in the understanding of 
the human microbiome that resides in our gastrointestinal tract and in other 
parts of the body. Through the tremendous rise of research in the field, the 
great impact of the microbiome in health and disease has been elucidated 
(164,165). Since traditional cultures miss about 95% of microorganisms, a 
big step in the technological advances in microbiome research was the 
development of culture-independent analyses (166). The most common of 
these techniques is 16S rRNA sequencing. The technique uses the fact that 
the 16S rRNA gene is not found in eukaryotes and is specific for 
prokaryotes. After extraction and purification of nucleic acid from the 
microbiome sample, PCR is used to amplify the 16S rRNA gene. The 
retrieved sequences can then be compared with known bacterial sequences 
in a database.  

Statistical analyses 

The statistical methods used in Papers I–V are summarized in Table 4. In 
Papers I–IV, comparison of different parameters between two groups was 
carried out. In Paper IV, evaluation of novel urinary biomarkers was done 
by calculating predictive values and analysis of ROC curves. In Paper V, a 
comparison between controls and the three groups of appendiceal 
inflammation was performed. A power analysis was carried out in Papers I–
IV. Significance was set to a p-value < 0.05 in all Papers. 
Statistical Package for the Social Sciences (IBM SPSS Statistics), version 
22, was used for the statistical calculations.  
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Table  4.  Overview  of  statistical  analyses  used  in  Papers  I-­V  

Ethics 

All data in Papers I–V were anonymized before calculations and statistical 
analyses. The results are presented in such a way that it is impossible to 
identify any single patient. The Regional Ethical Review Board approved 
the retrospective studies in Papers I–III (registration number 2010/49) and 
the prospective studies in Papers IV–V (registration number 2013/614). 
Paper V was also approved by the regional biobank center (collection ID 
SC1956). In the studies in Papers IV and V, guardians were given written 
and oral information about the study before giving their consent. 
 

 

 

 

 

 

 

 

OUTCOME  
UNIVARIATE  

2  related  groups                                  2  groups                                        >  2  groups   MULTIVARIATE  

Binary      Fisher’s  exact  test  
(I-­IV)      Logistic  regression  

(IV)  

Ordinal      Mann-­Whitney  U  
(I,  II,  III,IV)        

Non-­normal  
Wilcoxon  
signed  test  

(V)  

Mann-­Whitney  U  
(I,  II,  III,  IV,  V)  

Kruskal-­Wallis  
(V)     

Normal      Student’s  t-­test  
(II,  III)        

PREDICTIVE  VALUES  

Test   Appendicitis   No  appendicitis   Sensitivity  =  A  /  (A+C)  
Specificity  =  D  /  (B+D)  
Positive  predictive  value  =  A  /  (A+B)  
Negative  predictive  value  =  D  /  (C+D)  

Positive   A   B  

Negative   C   D  



50 

Results 

Age (I) 

When comparing younger (< 4 years) with older (> 4 years) children, clear 
significant differences were seen regarding the presence of parent’s and 
doctor’s delay. The younger children were brought later to hospital and 
were also more often sent home from the ER without a planned 
reevaluation (Table 5). Further, 15% of the younger children were not even 
triaged with abdominal pain. Younger children had a significantly higher 
rate of complicated appendicitis (75% and 33%, respectively) (p = 0.001). 
  

Table  5.  Comparison  of  parent’s  and  doctor’s  delay,  and  severity  of  appendicitis  between  younger  and  older  
children  operated  on  for  suspected  appendicitis  
Values  presented  as  median  (range)  or  as  the  absolute  number  and  percentage  of  patients  (n  (%)).  

 

When comparing symptoms between the two age groups, fever was more 
common in the younger child (80% and 36%, respectively) (p < 0.001). 
None of the children < 4 years was described to have migration of pain, 
compared to 48% of the older children (p < 0.001). Diarrhea was, after 
exclusion of patients with appendiceal abscess, still more common in 
younger children (20% and 5%, respectively) (p = 0.039). Despite the 

   >  4  years  
  (N  =  102)  

<  4  years  
  (N  =  20)   p-­value  

Parent’s  delay  
(Time  from  onset  of  symptoms  to  

seeking  care,  hours)  
24  (2–144)   48  (12–168)     0.005  

Triaged  as  acute  abdomen   102  (100)   17  (85)       0.004  

Doctor’s  delay  
(Sent  home  from  pediatric  ER  without  
suspicion  of  appendicitis  and  no  

planned  reevaluation)  

6  (6)   5  (20)   0.017  

Presumed  diagnosis  in  patients  with  
doctor’s  delay  

Unspecified  
abdominal  pain  (4),  
constipation  (2)  

Gastroenteritis  (2),  
pyelonephritis,  

constipation,  virus  
infection.  

  

Complicated  appendicitis  
(gangrenous,  perforated,  abscess)   34  (33)   15  (75)   0.001  

Negative  appendectomy   7  (7)   3  (15)   0.211  



51 

higher rate of complicated appendicitis, the children under 4 years were less 
likely to have tenderness in the RLQ (65% and 88%, respectively) (p = 
0.016), and did not have a higher rate of peritonitis (50% and 52%, 
respectively). No differences between the two age groups were seen when 
comparing the presence of nausea/vomiting, anorexia, leukocytosis, 
neutrophilia, or symptoms of urinary tract infection. 

Gender (II) 

Girls and boys taken to the operating room due to suspicion of appendicitis 
were compared regarding symptoms, findings at the abdominal 
examination, and results from routine blood tests. No significant differences 
were found except that boys more often had local peritonitis in the RLQ 
(61% and 51%, respectively) (p = 0.042).  
 
Girls were more likely to have preoperative imaging (50% and 38%, 
respectively) (p = 0.021), but had a higher rate of negative appendectomy 
(Table 6). Despite no difference in time to operation, boys had a 
significantly higher rate of perforated appendicitis. Boys were also more 
likely to undergo open appendectomy (Table 6). There was a trend towards 
laparoscopic appendectomy taking longer time in girls than in boys (Table 
6). 
 
No difference was found when comparing length of hospital stay between 
boys and girls. Neither were any differences found when comparing 
postoperative pain treatment with regard to the number of patients receiving 
morphine, amount of morphine administered, or the use of NSAIDs or 
paracetamol. Finally, boys and girls received equally long postoperative 
treatment with antibiotics in cases of complicated appendicitis. 
 
Girls had a significantly higher frequency of operative complications, and 
when sub-analyzed with regard to the operative modality, the significance 
was observed in open but not in laparoscopic appendectomy (Table 7). 
When comparing postoperative complications, no difference was seen 
between the genders.  
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Table  6.  Preoperative  radiology,  severity  of  appendicitis,  method  of  operation  and  surgery  time  in  girls  and  
boys  operated  on  for  suspected  appendicitis  
Values  presented  as  the  absolute  number  and  percentage  of  patients  (n  (%)),  or  as  mean  +  SD  (standard  deviation).  

 
 
 
 

 

 

 

 
Table  7.  Diagnoses  at  negative  appendectomy  and  operative  complications  in  girls  and  boys  operated  on  for  
suspected  appendicitis    
Values  presented  the  absolute  number  of  patients  (n),  or  as  the  absolute  number  and  percentage  of  patients  (n  (%)).  

 

  
Girls  

            (N  =  174)  
Boys  

(N  =  234)   p-­value  

Preoperative  imaging  
Ultrasound  

Computed  tomography  

87  (50)  
72  (41)  
15  (9)  

90  (38)  
80  (34)  
10  (4)  

0.021  
0.148  
0.094  

Grade  of  inflammation  
Negative  appendectomy  

Phlegmonous  
Gangrenous  
Perforated  
Abscess  

  
33  (18)  
82  (45)  
33  (18)  
19  (10)  
16  (9)  

  
17  (7)  
137  (56)  
27  (11)  
44  (18)  
19  (8)    

  
0.005  
0.032  
0.047  
0.043  
0.724  

Method  of  operation  
Laparoscopic  appendectomy  (LA)  

Open  appendectomy  (OA)  
LA  comverted  to  OA  

  
116  (67)  
28  (16)  
30  (17)  

  
145  (62)  
57  (25)  
31  (13)  

  
0.405  
0.048  
0.274  

Surgery  time  
LA  
OA  

LA  converted  to  OA  

  
62  +  23  
54  +  27  
77  +  31  

  
57  +  21  
52  +  22  
75  +  23  

  
0.056  
0.683  
0.785  

   Girls   Boys   p-­value  

Diagnoses  at  
negative  

appendectomy  

Unspecified  abdominal  pain  
(15),  ovarian  cyst  rupture  (5),  
retrograde  menstruation  (4),  
mesenteric  lymphadenitis  (3),  
pyelonephritis  (2),  terminal  ileitis 
(2),  pneumonia  (1),  constipation  

(1) 

Unspecified  abdominal  pain  (9),  
mesenteric  lymphadenitis  (2),  

omental  torsion  (2),  terminal  ileitis  
(1),  infected  urachal  cyst  (1),  

gastroenteritis  (1), parasitic  infection  
with  Enterobius  vermicularis  (1) 

  
  

Operative  
complications  

  
Open  

appendectomy  
  

Laparoscopic  
appendectomy  

  
  

Type  of  
complication  

12  (7)  
  
  

6  (10)  
  
  

6  (5)  
  

  
Iatrogenic  perforations  (9),  
diathermic  injury  (1),  

postoperative  bleeding  event  
that  required  reoperation  (1),  

intestinal  injury  (1).   

4  (2)  
  
  

1  (1)  
  
  

3  (2)  
  
  

Iatrogenic  perforations  (3),  
intestinal  injury  (1).  

0.015  
  
  

0.016  
  
  

0.192  
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Pediatric appendicitis score (I, II, IV) 

The pediatric appendicitis score (PAS) was compared between younger (< 
4 years) and older children (> 4 years) and this was significantly lower in 
younger patients. The sensitivity when using a cut-off at > 6 points was low 
in both groups but significantly lower in the younger children. PAS was of 
no help for patients with doctor’s delay (Table 8). When comparing the 
mean PAS between girls and boys no difference was seen. The sensitivity 
and specificity was low in both groups at a cut-off at > 6 points and < 5 
points, respectively, but girls had a significantly higher specificity (Table 
8). In Paper IV, PAS was prospectively evaluated in the 44 patients (22 
with appendicitis, 22 with other causes of the abdominal pain) as a part of 
the study. PAS had a 90% sensitivity, 86% specificity, 87% PPV, and 90% 
NPV (Table 8). 
  

Table  8.  Evaluation  of  the  pediatric  appendicitis  score    
Values  presented  as  median  (range)  or  mean  +  SD  (standard  deviation).  PAS:  pediatric  appendicitis  score;;  PPV:  
positive  predictive  value;;  NPV:  negative  predictive  value;;  ROC:  receiver  operating  characteristic;;  AUC:  area  under  the  
curve  

PAPER  I  
>  4  years  
  (N  =  102)  

<  4  years  
  (N  =  20)   p-­value  

PAS   7  (2–10)   5  (2–9)         0.005  

PAS  >  5  (%)  

Sensitivity:  87  
Specificity:  14  
PPV:  93  
NPV:  8  

Sensitivity:  71  
Specificity:  67  
PPV:  92  
NPV:  29  

0.085  

PAS  >  6  (%)  

Sensitivity:  71  
Specificity:  14  
PPV:  92  
NPV:  3  

Sensitivity:  41  
Specificity:  100  
PPV:  100  
NPV:  23  

0.018  

PAS  in  patients  with    
doctor’s  delay  

5.5  (2–6)   4  (3–5)       0.317  

PAPER  II  
Girls  

(N  =  174)  
Boys  

(N  =  227)   p-­value  

PAS   6.3  +  2.1   6.6  +  1.9   0.107  

PAS  in  patients  with  confirmed  
appendicitis   6.6  +  2.0   6.7  +  1.9   0.564  

Sensitivity  >  6  (%)  
Specificity  <  5  (%)  
PPV  >  6  (%)  
NPV  <  5  (%)  

73  
59  
89  
33  

72  
41  
94  
11  

1  
0.032  
0.184  
0.003  

PAPER  IV  
Predictive  values  (%)  (95%  CI)  

    Sensitivity                Specificity                        PPV                            NPV  
ROC  AUC  

PAS  (cut-­off  >  6)  
90    

(71–99)  
86  

(65–97)  
87  

(66–97)  
90  

(70–99)  
0.90    

(0.83–1)  
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Two- vs. three-trocar laparoscopic appendectomy (III) 

Two-trocar laparoscopic appendectomy (LA) was compared with 
conventional three-trocar LA. The groups were equal in age, gender, 
weight, time to appendectomy, duration of symptoms, symptoms, and blood 
tests. Significantly more negative appendectomies were performed with the 
two-trocar LA (Table 9). No two-trocar surgeries required “conversion” to 
three trocars or open surgery.  
 
Two-trocar LA had significantly shorter surgery time, even when excluding 
patients with surgical complications and negative appendectomies. No 
differences were seen between the two methods in surgical complications, 
or in the rate of wound infection, which was low in both groups (1%) 
(Table 9). Postoperative pain treatment did not differ between the two 
groups with regard to rate and total amount of morphine administered, 
NSAID administration, or doses of intravenously administered paracetamol. 
Advantages and disadvantages of the two methods are summarized in Table 
10. 
 
Table  9.  Comparison  between  two-­  and  three-­trocar  LA  with  regard  to  severity  of  inflammation,  surgery  time  
and  complications  
Values  presented  as  mean  +  SD  (standard  deviation),  or  as  the  absolute  number  and  percentage  of  patients  (n  (%));;  
LA:  laparoscopic  appendectomy  

 

  
Two-­trocar  
LA  (N  =  91)  

Three-­trocar  LA    
(N  =  168)  

p-­value  

Degree  of  inflammation  
Negative  appendectomy  

Phlegmonous  
Gangrenous  
Perforated  

  
21  (23)  
56  (92)  
9  (10)  
5  (5)  

  
19  (11)  
114  (68)  
21  (13)  
14  (18)  

  
0.023  
0.341  
0.682  
0.462  

Surgery  time  all  included  
(min)   47  +  16   66  +  22   <0.001  

Surgery  time  with  negative  
appendectomies  and  
patients  with  surgical  
complications  excluded  

(min)  
  

Excluded  patients  

46  +  16  
  
  
  
  

23  (25)  

65  +  20  
  
  
  
  

26  (15)  

<0.001  
  
  
  
  
  

Surgical  complications  
  

Type  of  complication  

2  (2)  
  

Iatrogenic  perforation  (2)  

7  (4)  
  
Iatrogenic  perforation  (5),  
postoperative  bleeding  (1),  

diathermic  injury  (1)  

      0.501  

Wound  infection   1  (1)   1  (1)     
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Table  10.  Advantages  and  disadvantages  of  two-­  and  three-­trocar  laparoscopic  appendectomy  
LA:  laparoscopic  appendectomy  

 

 

 

 

 

 

Urinary biomarkers (IV) 

The diagnostic potential of four novel urinary biomarkers (leucine-rich α-2-
glycoprotein (LRG), calprotectin, interleukin 6 (IL-6), and substance P) 
were compared with routine blood tests and PAS. LRG was significantly 
elevated in children with appendicitis compared to the non-appendicitis 
children (0.078 g/mole and 0.014 g/mole, respectively (p < 0.001). 
Significance was also seen when comparing LRG in patients with 
gangrenous or perforated appendicitis compared to phlegmonous 
appendicitis (0.196 g/mole and 0.059 g/mole, respectively) (p = 0.003). 
 
LRG had an ROC AUC of 0.86 (95% CI 0.79–0.99) and its predictive 
values were: 86% sensitivity, 73% specificity, 76% PPV and 84% NPV. 
When adjusting for age there was an association between appendicitis and 
higher levels of LRG with an odds ratio of 8.4 (95% CI 2.3–30.5). LRG 
showed a clearly better diagnostic performance compared to routine blood 
tests (WBC, ANC, CRP, and proportion of neutrophils). When combining 
PAS with LRG, the predictive values increased, resulting in 95% 
sensitivity, 90% specificity, 91% PPV, and 95% NPV (Table 11, Figure 9). 
 
No difference was found between children with appendicitis and children 
with other causes of abdominal pain when evaluating calprotectin, IL-6 or 
substance P, and these urinary biomarkers did not have a better diagnostic 
performance compared to the routine blood tests (Table 11, Figure 9).  
 

   Two-­trocar  LA     Three-­trocar  LA    

Advantages  

•  Less  trauma  
•  Only  two  scars  on  the  abdomen  
•  Shorter  surgery  time  
*  No  risk  of  diathermic  injury  

•  More  instruments  in  the  abdomen  
•  Diathermy  
•  Can  be  used  with  adhesions  or  
      retrocecal  appendix  
*  More  often  applicable  

Disadvantages  

•  Only  one  instrument  
•  Cannot  use  diathermy  
•  Limited  mobility  in  the  
    abdominal  cavity  and  less  able  
    to  explore  the  intestines  
•  Cannot  get  traction  to  resolve  
      adhesions  
*  Not  always  applicable  

•  Longer  surgery  time  
•  More  scars  
•  More  trauma  
*  Risk  of  diathermic  injury  
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Table   11.   Predictive   values   of   the   Pediatric   Appendicitis   Score,   routine   blood   tests,   and   novel   urinary  
biomarkers  in  chidlren  with  suspected  appendicitis    

PAS:   pediatric   appendicitis   score;;  WBC:   white   blood   cell   count;;   ANC:   absolute   neutrophil   count;;   CRP:   C-­reactive  
protein;;   LRG:   leucine-­rich   alfa-­2-­glycoprotein;;   IL-­6:   interleukin-­6;;   PPV:   positive   predictive   value;;   NPV:   negative  
predictive  value;;  ROC:  receiver  operating  characteristic;;  AUC:  area  under  the  curve;;  CI:  confidence  interval.  PPV  and  
NPV  were  calculated  for  the  best  cut-­off  levels,  given  in  brackets.  

  

  

  

  

  

  
Predictive  values  (%)  (95%  CI)   ROC  AUC  

(95%  CI)  Sensitivity   Specificity   PPV   NPV  

PAS  
(cut-­off  >  6)  

90    
(71–99)  

86    
(65–97)  

87    
(66–97)  

90    
(70–99)  

0.90  
(0.83–1.00)  

WBC   59    
(36–79)  

50    
(28–72)  

54    
(33–74)  

55    
(32–77)  

0.59  
(0.37–0.72)  

ANC  
73  

(50–89)  
68    

(45–86)  
71    

(47–87)  
75    

(47–89)  
0.73  

(0.57-­0.88)  

Proportion  of  
neutrophils    
(cut-­off  >  0.71)  

73    
(50–89)  

55  
(32–75)  

62  
(41–80)  

67  
(41–87)  

0.69  
(0.53–0.84)  

CRP  
(cut-­off  15  mg/L)  

65  
(41–83)  

59  
(36–79)  

57  
(39–80)  

57  
(38–82)  

0.65  
(0.49–0.82)  

LRG/creatinine  
(cut-­off  >  0.036  g/mol)  

86  
(65–97)  

73  
(50–89)  

76  
(55–91)  

84  
(60–97)  

0.86    
(0.79–0.99)  

Calprotectin/creatinine    
(cut-­off  >  0.064  g/mol)  

59  
(36–79)  

41  
(21–64)  

50  
(30–70)  

50  
(26–74)  

0.59  
(0.42–0.77)  

IL-­6/creatinine  
(cut-­off  >  0.21  ng/mol)  

65  
(41–83)  

50  
(28–72)  

56  
(35–76)  

58  
(34–80)  

0.65  
(0.49–0.91)  

Substance  P/creatinine  
(cut-­off  >  26  ng/mol)  

64    
(41–83)  

54  
 (24–68)  

58  
(33–73)  

60  
(31–78)  

0.64  
(0.47–0.81)  

LRG/creatinine  +  PAS  
95  

(77–100)  
90  

(71–99)  
91  

(72-­99)  
95  

(76–100)  
0.94  

(0.85-­1.00)  
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Figure  9.  Diagnostic  performance  of  novel  urinary  biomarkers  in  44  children  with  suspected  appendicitis    
ROC:  receiver  operating  characteristic;;  PAS:  pediatric  appendicitis  score;;  LRG:  leucine-­rich  alpha-­2-­glycoprotein;;  IL-­
6:  interleukin  6  

Microbiome (V) 

Evaluation of the microbiome at phylum, genus and species level 

The microbiome was evaluated in patients with appendicitis and in healthy 
controls. The distal mucosa samples were used when comparing different 
phyla, genera, and species between groups. At the phylum level, ten 
different phyla were found. Five phyla were represented in all groups with a 
presence of > 2%; Bacteroidetes, Actinobacteria, Firmicutes, Fusobacteria, 
and Proteobacteria. Actinobacteria and Bacteroidetes were in majority 
among the controls (43% and 42%, respectively). In phlegmonous 
appendicitis, there was an even distribution between the five phyla 
Actinobacteria, Bacteroidetes, Firmicutes, Fusobacteria, and Proteobacteria. 
Gangrenous appendicitis had an abundance of Bacteroidetes and Firmicutes 
(39% and 37%, respectively), but low levels of Actinobacteria and 
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Fusobacteria (4% and 2%, respectively). Fusobacteria (25%), 
Actinobacteria (25%), Bacteroidetes (24%), and Firmicutes were in 
abundance in perforated appendicitis (Figure 10).  
 
At the genus level, a total of 80 genera were found in the appendices. Only 
five genera had a presence of > 5%; Athrobacter, Bacteroides, 
Porphyromonas, Parvimonas, and Fusobacterium in any of the studied 
groups. In the controls, only Bacteroides (24%) was present in > 5%. In 
phlegmonous appendicitis, Fusobacterium (19%), Athrobacter (17%), and 
Bacteroides (12%) were in abundance. Gangrenous appendicitis was 
similar to the controls with Bacteroides having a major abundance (23%), 
but with the addition of Porphyromonas (8%) having an abundance of > 
5%. In perforated appendicitis, five genera had a presence of > 5% with 
Fusobacterium (32%) and Athrobacter (22%) in majority (Figure 11).  
 
No statistically significant differences in abundance at the phylum or genus 
level described above were found (data not shown). When looking at the 
different phylum and genus levels in patients within every separate group 
(e.g., different severity of appendicitis and controls), there was a wide 
variation of abundances within each specific group. Hence, patients with 
the same severity of appendicitis had very different levels of each specific 
phylum and genus (data not shown). Further, association between 
appendicitis and any bacterial species was evaluated, but there was no 
difference at species level between the groups (data not shown). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  10.  Microbiome  analysis  at  phylum  level  of  distal  mucosa  in  patients  with  different  grades  of  
appendicitis  compared  with  a  control  group  
Phyla  with  a  presence  >  2%  included  in  the  figure.  
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Figure  11.  Microbiome  analysis  at  genus  level  of  distal  mucosa  in  patients  with  different  grades  of  
appendicitis  compared  with  a  control  group  
Genus  with  a  presence  >  5%  included  in  the  figure.  

Microbiome in relation to histopathology and sample site 

At phylum and genus level, no significant differences were found when the 
proximal mucosa and distal mucosa were compared (data not shown). At 
the phylum level in phlegmonous and perforated appendicitis, Fusobacteria 
had a presence in the proximal mucosa of 3% and 24%, respectively, 
compared to Fusobacterium with 36% and 57%, respectively, in the distal 
mucosa. The corresponding numbers for Bacteroidetes was 45% and 26%, 
respectively, in the proximal mucosa, and 38% and 21%, respectively, for 
Bacteroides, in the distal mucosa (Figure 12). 
 
There was no difference in phylum levels of the proximal mucosa between 
appendicitis patients with or without macroscopic inflammation at this site 
(data not shown). When comparing phylum levels of the distal mucosa 
between appendicitis patients with or without obstruction (appendicolith), 
there was a trend towards more abundance of Fusobacteria in patients with 
obstruction (25% and 13%, respectively, p = 0.06). No differences were 
seen for other phyla (data not shown). 
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Figure  12.  Microbiome  analysis  at  phylum  level  of  proximal  and  distal  mucosa  in  different  grades  of  
appendicitis  and  controls  
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Diversity 

No significant differences were found when evaluating the taxa richness, 
but there was a trend with healthy appendices and proximal samples having 
higher α-diversity. Distal samples from perforated appendicitis had the least 
microbial diversity (Figure 13).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  13.  Alpha-­diversity  in  patients  with  different  grades  of  appendicitis  and  controls    
Alpha-­diversity  was  investigated  with  phylogenetic  diversity  (PD  whole  tree)  and  observed  species  (data  not  shown)  
indexes  at  an  even  sampling  depth  of  4831  sequences/sample.  Values  presented  as  mean  +  SD.  No  significant  
differences  between  groups  were  found.    
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Discussion 

When studying the wide research field of pediatric appendicitis it almost 
feels as though the diagnosis and treatment of the disease are like a lottery, 
with pathogenesis, diagnostic methods, and treatment all mixed up in a big 
tombola (Figure 14). Fortunately, this is most often not the case when 
managing the child with suspected appendicitis in the clinical setting. 
However, not forgotten are all the children who did not present with a 
typical, straightforward appendicitis, and did not go home the next day after 
an uneventful appendectomy: The nine-year-old girl with complications to 
a negative appendectomy, or the four-year-old boy misdiagnosed with 
pyelonephritis and two days later operated on due to intestinal obstruction 
and perforated appendicitis.  
 

 

 

 

 

 

 

 

 

 

 
  
  
Figure  14.  Pediatric  appendicitis;;  straightforward  diagnosis  or  a  lottery?    
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Problems at young age 

Appendicitis in young children continues to be a clinical problem. There 
are several reasons for this. One: although appendicitis is the most common 
abdominal disease in children requiring acute surgery, we have to 
appreciate that its rate is only 1–4% of all children presenting at the 
pediatric ER with abdominal pain (27,28). Further, the incidence is 
considerably lower in younger than in older children (32,34,35), which may 
explain why the diagnosis is not directly suspected in the two-year-old child 
with fever and objectively abdominal pain. Hence, the doctor may not have 
that high suspicion of appendicitis before seeing the patient, which of 
course affects the clinical decisions and subsequent management and work-
up (167). Two: especially seen in younger children with appendicitis, 
patient history and symptoms and findings from clinical examination are 
more diffuse (35,95–98). Together, this leads to misdiagnosis, high 
perforation rates, increased morbidity, and longer hospital stay 
(32,34,35,95–98,100–102).  
 
In Paper I, the misdiagnosis and morbidity mentioned above was 
confirmed. The younger children (< 4 years) had severer appendicitis and 
longer hospital stay. As seen in other studies (34,96,98,99), we saw a 
significant rate of both parent’s and doctor’s delay in the younger children. 
We also saw that 15% of the young children were not even triaged with 
“acute abdomen”, giving further evidence of the diffuseness of the 
symptoms. Finally, the rate of diarrhea was significantly higher among the 
young children, which of course may confuse the clinician.    
 
The main purpose of the study was to evaluate the pediatric appendicitis 
score (PAS) in younger children to see if this could be an aid for the 
clinician. The original study describing PAS did not include children < 4 
years of age (113), and no study had evaluated the score between younger 
and older children before. Unfortunately, the results showed that PAS was 
not helpful; the younger children had a lower mean score, despite the 
severer appendicitis. The sensitivity of this test was low in both age groups, 
and this was despite the evaluation of children operated on for suspicion of 
appendicitis.  
 
The main disadvantages of the study were that it was retrospective, and that 
the cohort consisted of children who were appendectomized, instead of 
children with abdominal pain and suspicion of appendicitis. This of course, 
makes it hard to interpret the predictive values.  
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One speculation is that no present clinical prediction score really aids the 
diagnosis of appendicitis in the young children. Looking at the parameters 
in the different scores (108,109,111,113), one can see the problem: pain 
migration is of course difficult for the young child to describe, intensity of 
pain hard to evaluate in the young child, peritonitis less evident in the 
abdomen with less developed muscles, and nausea/vomiting and anorexia 
frequently seen in young children with extra abdominal disease. One might 
conclude that other diagnostic modalities are probably the right way to go 
when evaluating the young child with abdominal pain. Maybe we should be 
more liberal with ultrasound? Another possibility is the development of 
accurate biomarkers. 
 
It is probably hard to lower the perforation rate among young children to 
levels on a par with that of older children, since most perforations occur 
prehospitally (88). Hence, the main part of perforations could be speculated 
to be due to parent’s delay. However, perforated appendicitis is missed in 
hospital as well, and with improved diagnostics this doctor’s delay can be 
eliminated.  

Girls  

The incidence of appendicitis is lower in girls than in boys (26). Both girls 
and women have a higher risk of misdiagnosis with higher negative 
appendectomy rate compared to males (26,93,99,103). A striking difference 
of life-time risk of appendectomy was reported by Addiss et al. with 12% 
for boys and 23% for girls (26).  
 
In Paper II, we evaluated gender differences in pediatric appendicitis since 
the literature on this subject was scarce. The higher rate of negative 
appendectomy rate previously reported was confirmed in our cohort. We 
also saw that girls significantly had more preoperative imaging. Further, no 
differences in symptoms motivating earlier operative intervention were 
seen among girls. Instead, the specificity of PAS was higher in girls. 
Altogether, one might draw the conclusion that the girls are taken to the 
operating theater despite a clinically lower suspicion of appendicitis. One 
hypothesis is that surgeons are afraid of missing appendicitis in girls, 
possibly due to the misconception that perforated appendicitis may lead to 
infertility later in life (168). However, one would think that it is more 
equivocal cases that are misdiagnosed. Another speculation is that the girls 
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are operated on more liberally due to the possibility of ovarian pathology. 
However, this should not be an eligible reason since salpingitis and ovarian 
torsion are very uncommon in the premenarchal girl. Further, the sensitivity 
of ultrasound for ovarian torsion is equal to that for appendicitis (169,170). 
Hence, it is very unlikely that girls have an ovarian disease that requires 
surgical treatment. None of the 33 girls with negative appendectomies in 
our cohort had an ovarian disease that required operative treatment.  
 
As mentioned, preoperative imaging was used more frequently in girls, 
which also has been reported by others (171). In women, this only seems to 
delay time to surgery without reducing the frequency of negative 
appendectomies (172). Ultrasound for appendicitis has been reported to 
have lower sensitivity in girls (171). From our study, it does not seem that 
ultrasound resulted in fewer negative appendectomies, neither that the 
sensitivity for girls was lower. However, this was not given any specific 
attention.  
 
Girls had a higher proportion of gangrenous appendicitis and boys a higher 
rate of perforated appendicitis. However, if the negative appendectomies 
were excluded and rates compared only in patients with appendicitis, no 
differences were seen. A higher rate of perforation has been described 
before in men but not in boys (99,173). Further, girls had more operative 
complications when operated on with open appendectomy. Fortunately, 
these occurred in patients with gangrenous appendicitis (and not among 
negative appendectomies), and consisted of iatrogenic perforations. 
Perhaps, more “extensive” surgery to examine ovaries can explain this 
difference. 
 
In conclusion, the higher rate of negative appendectomies in girls continues 
to be reported in study after study. The reasons seem to be motivated by the 
wish to avoid infertility or by not missing ovarian pathology, of which both 
are misconceptions in most cases. Girls do not seem to present with 
symptoms differing from those of boys, and PAS seems equally accurate in 
both genders. Hence, there are no obvious “medical” reasons for the 
significantly higher rate of misdiagnosis in girls. From the literature, 
ultrasound does not seem to improve the diagnostic accuracy for 
appendicitis among girls (171). Perhaps, a different, maybe more 
restrictive, approach among surgeons is one way to solve the problem. This 
could even be motivated by the lower incidence of appendicitis among 
girls. Another possibility, like among the young children, is the 
development and evaluation of new biomarkers.  
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The study in Paper II was retrospective which, as always, is a disadvantage. 
However, awareness among the involved surgeons of a gender focus might 
have influenced the treatment and subsequently the results to become more 
gender equal. Finally, evaluating gender differences in pediatric surgery is 
of great importance, since it can have a major impact on the surgical care 
and, not least, on parental counseling. Unfortunately, there are today few 
studies that have specifically evaluated gender differences in pediatric 
surgery.  

Two trocars 

Since the first laparoscopic appendectomy, the minimally invasive surgery 
for appendicitis has continued to develop. From the conventional 
laparoscopic appendectomy using three trocars, techniques using two ports 
or only one, or a single incision, have been described, developed and 
evaluated.  
 
In Paper III, we evaluated two-trocar laparoscopic appendectomy (LA) 
and retrospectively compared it with the conventional three-trocar LA. The 
main purpose was to evaluate the operation time and its complications rate. 
There are to our knowledge five previous studies evaluating true two-trocar 
LA (154,174–177), often called laparoscopic assisted extracorporeal 
appendectomy or video-assisted extracorporeal appendectomy (Table 12). 
No study has, however, compared two- with three-trocar LA in children 
before.  
 
The main findings were that the two-trocar LA was quicker than the 
conventional LA, and that the wound infection rate was low (1%). The 
operation time was in comparison with what some reported (174,176), 
while others have shown significantly shorter duration (154,177). The rate 
of wound infection rate was in comparison with most other studies 
(154,176,177). One study reported a rate of 11% (174), and this was also 
the only one using a port placement in the right and left iliac fossa. 
Moreover, the type of trocars used may affect the wound infection rate.  
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Table  12.  Overview  of  studies  of  two-­trocar  laparoscopic  appendectomy.    
LA:  laparoscopic  appendectomy;;  OA:  open  appendectomy      

  

The main disadvantage of the study was that it was retrospective and not 
randomized. There was no difference between the two- and three-trocar LA 
groups regarding duration of symptoms, time to appendectomy, laboratory 
results, and presence of fever. Further, no two-trocar LAs required the 
addition of a third trocar. However, the decision on the type of operative 
technique used depended on the surgeon, and hence a selection bias may 
have been evident in that the surgeon selected the children in whom the 
two-trocar technique most surely could be applied. This could be motivated 
with comparison of operative decisions surgeons make every day; the best 
method for the patient is chosen. If, after inspecting the abdominal cavity 
including the position of the appendix and presence of adhesions, the 
surgeon thinks that the two-trocar LA could be applied, it is an easy, quick, 
and safe appendectomy technique. If the two-trocar LA cannot be applied, 
maybe due to a retrocecally positioned appendix, or adhesion fixating the 
appendix to the abdominal wall, a third trocar can always be added.  
 
It is obvious that the technique causes less trauma than three trocars. 
Further, no staples are left in the abdominal cavity of the growing child, and 
you completely avoid the risk of diathermy injury. One might also argue 
that the dissection and ligation of the mesoappendix is performed more 
safely in the extracorporeal position. Moreover, from the perspective of 
economy, the two-trocar LA is cheaper. The cost of conventional LA is 
often a disadvantage that is highlighted when the technique is compared 

Study   Age  group  (N)   Trocar  placement   Results  

Valioulis  et  al.  (2001)  
  

No  comparison.  
Children  (38)   Umbilicus  and  pubic  symphysis  

Success:  76%,  mean  operation  
time  19  min,  wound  infection  
3%.  

Tekin  et  al.  (2002)  

No  comparison.  
Children  (440)   Umbilicus  and  McBurney  

Success:  67%,  mean  operation  
time  46  minutes,  wound  
infection  4%.  

Konstadoulakis  
(2006)  

Comparison  with  
conventional  LA.  

Adults  (37)   Left  iliac  fossa  and  McBurney  
Success  81%,  mean  operation  
time  48  min,  wound  infection  
11%.  

Malik  et  al.  (2009)  

Comparison  with  OA  
Adults  (14)   Umbilicus  and  McBurney  

Success  11%,  mean  operation  
time  or  wound  infection  not  
specified  for  two-­trocar  LA  only.  

Vipul  et  al.  (2010)  

Comparison  with  OA  
and  conventional  LA.  

Adults  (61)   Umbilicus  and  Mcburney  
Success  100%,  mean  operation  
time  36  min,  wound  infection  
1%.  
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with open appendectomy (178,179). Considering that appendectomy is a 
common operation, one would expect the two-trocar LA to reduce the costs 
substantially.  
 
There are numerous minimal access techniques described for 
appendectomy, the latest with one-port or a single incision. However, these 
techniques are technically more difficult and some require special 
equipment that is certainly not available in many hospitals. The two-trocar 
LA described by others, and in Paper III, uses regular instruments and is 
easy to learn, even for the resident. This makes it a useful technique besides 
being a clear benefit for the child.  
 

Urinary biomarkers 

So why are researchers trying to evaluate new biomarkers for appendicitis?  
The easy answer is that none of the present diagnostic tools is accurate 
enough. Clinical prediction scores have proven to not be sufficiently 
accurate (120). Ultrasound is operator dependent and not sensitive enough, 
CT should be used with precaution in children due to radiation (143), and 
MRI is superior to both US and CT, but has limits in availability, costs and 
probably feasibility. Finally, today available routine blood tests are neither 
sensitive or specific enough (123–125).  
 
In Paper IV, we evaluated four urinary biomarkers in children with 
suspected appendicitis; leucine-rich α-2-glycoprotein (LRG), calprotectin, 
IL-6, and Substance P. While no significant results were found for the last 
three, LRG had a better diagnostic performance than all the routine blood 
tests, and also seemed to correlate with the severity of the appendicitis.  
 
LRG has been evaluated in children with suspected appendicitis before. 
Kentsis et al. (130) found that LRG in urine was significantly elevated in 
patients with appendicitis compared to controls, and that LRG correlated 
with the severity of the appendicitis. However, the assay method was 
reported to play an important role in the outcome. When LRG was 
measured by ELISA, an immunoassay interference effect was described, 
and an AUC of only 0.80 was reached. When it was determined by mass 
spectrometry, the AUC reached impressive levels of 0.98–0.99 (130). 
Kharbanda et al. (132) found no difference between LRG in patients with 
phlegmonous appendicitis compared to patients without appendicitis, but a 
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significant difference between perforated appendicitis and non-perforated 
appendicitis. The ROC AUC for LRG was 0.63, and it showed 100% 
sensitivity, 23% specificity, and 100% NPV (132).  
 
In summary, our results with an AUC of 0.86 for LRG had a better 
performance compared to the two previous reports (130,132). This may be 
explained by a different ELISA compared to the other studies. Another 
possibility is that we adjusted for dehydration by measuring urine 
creatinine.  
 
The present study was the third one evaluating urinary biomarkers in 
children with suspected appendicitis. LRG is the most promising biomarker 
so far and should be further evaluated. There are studies showing that LRG, 
compared to the routine inflammatory markers, reflects a local 
inflammation, such as the one in appendicitis (139). For example, it has 
been shown that CRP and LRG, although both produced by the liver, seem 
to represent different physiological settings of inflammation (180). One 
might speculate that it is this type of inflammatory biomarker that in the 
future may prove to aid in the diagnosis of appendicitis; hence, not 
biomarkers that generally reflect inflammation, like CRP, IL-6, et cetera. 
Another consideration is that one way of finding a new biomarker is to look 
for substances in blood or urine that “leak” from the appendix when the 
disease starts. However, since the pathogenesis is not known, the “safest” 
way of seeking and evaluating novel biomarkers for appendicitis may still 
be to look for those reflecting (local) inflammation. 
 
Further, we combined LRG with PAS, and reached higher predictive values 
than with just LRG alone. Combining a biomarker with patient history and 
clinical examination is used in other fields of medicine, for example, in the 
management of deep vein thrombosis (181). This type of combination, with 
gathering information from patient history and examination before taking 
the test, uses the theory of pre-test probability. For pediatric appendicitis, 
the most useful biomarker is the one that can guide the surgeon in the 
decision of whether or not to take the child to the operating theater. Grading 
of the severity of the disease is less valuable. Upcoming studies should 
therefore have that focus. With a high negative predictive value, the 
surgeon can feel safe (regarding appendicitis) in not taking the child for a 
laparoscopy. 
 
In conclusion, LRG seems promising as a biomarker for pediatric 
appendicitis. A new accurate biomarker would be a simple and easy way to 
improve the management of children with suspected appendicitis. It is 
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important to point out that such a test should probably only be used in 
selected cases. Hence, patient history and abdominal examination will 
always be important. The test could, for example, also be used in primary 
care to aid in the decision of which patients should be referred.   
 
The strength of the study in Paper IV lies in being prospective; the same 
doctor performed the clinical evaluation of the patients, there was a 
homogenous cohort of only pediatric patients, and it was the first study 
trying to use a novel biomarker in conjunction with a clinical prediction 
score for pediatric appendicitis. The main weaknesses were the limited 
number of patients, and that the inclusion of patients was not random, so 
the diagnostic values may be biased.  

Bacteria or not, that is the question 

Several theories of the pathogenesis of appendicitis have been proposed of 
which the main are diet and hygiene, obstruction, immunological 
characteristics of the patient, and infection (40–49,51–54,59–62). 
Especially the concept of obstruction has been widely accepted despite 
several studies not supporting the theory (55–58). Bacteria has an obvious 
role in the development and consequences of appendicitis but so far often 
seen as a secondary event, hence infection after the inflammation, and the 
bacteriology have been widely studied (64–66). Most past studies have used 
conventional culture techniques to evaluate the role of bacteria in acute 
appendicitis. This technique is effective in evaluating solitary bacterial 
species, but lacks the capability of characterizing the polymicrobial 
diversity present (59). With these conventional culturing methods, as much 
as 90–99% of microbes are missed (67). There are a few recent studies 
evaluating the whole microbiome in appendicitis (59,68–71) using rRNA-
based fluorescence in situ hybridization (FISH) or 16S RNA sequencing 
(68,70,71). To summarize, these studies have found a significant increase in 
bacteria normally part of the oral flora, in the inflamed appendices, 
especially Fusobacterium (Table 13).  
 
In Paper V, we evaluated the microbiome in children with appendicitis and 
in controls. An increase in the abundance of Fusobacterium and a decrease 
in Bacteroides was seen in phlegmonous and perforated appendicitis 
compared to controls, but no statistical significance was shown. Further, 
this pattern was not seen in gangrenous appendicitis, which more had a 
microbiome profile similar to the controls. Hence, no relationship between 
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different bacteria and severity of appendicitis was seen. Further, there was a 
wide variation of abundances at the phylum, genus, and species level within 
every specific group of patients.  
 
The study in Paper V could not confirm what previous studies have found 
with Fusobacterium being significantly increased in appendicitis compared 
to controls (59,68–71), or even a correlation between the grade of 
inflammation and the presence of Fusobacterium (59,68,71). However, the 
previous studies had no division of the appendicitis patients into the 
clinically and histopathologically defined groups of appendicitis. Hence, no 
specific group with gangrenous appendicitis was analyzed in these studies, 
and the conclusion with correlation of Fusobacterium to grade of 
inflammation was impossible to draw. No matter the significance of 
Fusobacterium, it is interesting with the finding of a bacteria that normally 
is part of the oropharyngeal flora. Though Fusobacterium seems to be a 
part of the normal appendiceal flora (68,70), it is also the most common 
oral anaerobe that gives rise to infection outside the oral cavity (182). 
Furthermore, reports exist on a possible negative correlation between 
inflammatory bowel disease (IBD) and appendectomy (47,183). 
Fusobacterium with its degree of invasive potential has also been shown to 
be associated with inflammatory bowel disease and the IBD status of the 
host (184). Alterations in the oral microbiome have also been linked to 
pediatric IBD (185). One may speculate that the presence of Fusobacterium 
may explain the link between appendectomy and IBD. In summary, with 
regard to the present and previous studies in the field (59,68,70,71), 
Fusobacteria may be part of the pathogenesis in some, but not the majority, 
of appendicitis cases.  
 

The discussion about Fusobacterium could be “inversely extrapolated” to 
Bacteroides that was found to be abundant in healthy but also in 
gangrenous appendices. One study found Bacteroides to be inversely 
correlated to the degree of inflammation (70), but not others (68). However, 
as stated above, cited studies did not show a division of appendicitis 
patients into the three clinically and histopathologically defined groups of 
appendicitis, and hence, a specific group with gangrenous appendicitis was 
not analyzed. This may explain the difference in others results compared to 
our study, where Bacteroides was found distinctly increased in gangrenous 
compared to phlegmonous appendicitis. 
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Table  13.  Overview  of  previous  studies  of  non-­culture  dependent  evaluation  of  appendicitis  

  
 
One strength of the study in Paper V was the evaluation of different parts of 
the mucosa (proximal and distal), and relating the microbiome to the 
macroscopically seen inflammation. If you cut up the inflamed appendix it 
is evident that some display a general inflammation throughout the entire 
length, while in others the inflammation is more limited to a certain (often 
distal) part. From this observation, one would expect the results from the 
microbiome analysis to differ depending on from which site the sample was 
taken. Although differences were seen in the abundances of bacteria 
between proximal and distal mucosa, statistical significance was not 
reached, maybe due to the low number of patients studied. Thus, since there 
may be differences between proximal and distal mucosa, it is important to 
consider the sample site of the appendix when evaluating the microbiome.  
 
To summarize, there was a wide variation of abundances of bacteria within 
each specific group of appendicitis; this has also been described by others 
(70,71). One might think that this explains not only the lack of 
significances between the groups in our study, but also emphasizes the 

Study   Patients/  
Controls   Method   Results  

Swidsinski  
et  al.  

52  /  18   rRNA-­based  
FISH  

Invasion  of  Fusobacterium  in  the  submucosa  of  the  appendix.    
Fusobacterium  not  found  in  any  controls  and  increased  with  the  
severity  of  inflammation.  

Swidsinksi  
et  al.  

86  /  X   rRNA-­based  
FISH  

Guinane   et  
al.  

4  /  3   16sRNA  
sequencing  

Highest  amount  of  Fusobacterium  found  in  appendicitis,  but  
Fusobacterium  also  found  in  controls.    
Gemella,  Parvimonas  also  abundantly  increased  in  inflamed  samples.  

Zhong    
et  al.  

17  /  5   16sRNA  
sequencing  

Increased  abundance  of  Fusobacterium,  Porphyromonas,  
Parvimonas,  Gemella,  and  a  reduced  amount  of  Bacteroides  in  
appendicitis  compared  to  controls.  

Jackson    
et  al.    

15  /  6   16sRNA  
sequencing  

Fusobacter,  Selonomonas,  and  Peptostreptococcus  increased  in  
normal  appendices  compared  to  normal  rectal  samples.  
  

Peptostreptococcus,  Bilophila,  Bulleidia,  Fusobacterium,  Parvimonas,  
Mogibacterium,  Aminobacterium,  Proteus,  Actinomycineae,  
Anaerovorax,  Anaerofilum,  and  Porphyromonas  increased  in  
appendicitis  compared  to  controls.  

  
Bulleidia,  Fusibacter,  Prevotella,  Porphyromonas,  and  Dialister  
increased  in  perforated  appendicitis  compared  to  non-­perforated  
appendicitis.  
  
Bulleidia,  Dialister,  and  Porphyromonas  increased  in  rectal  swabs  of  
patients  with  appendicitis  compared  to  controls.  
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hypothesis of whether the microbiome plays a primary etiological role in 
the pathogenesis of appendicitis. To conclude, despite the trends seen in our 
study and the significances found by others (59,68,70,71), it seems that in 
many cases of appendicitis, bacteria do not seem to be the primary event.  
 
The study in Paper V is, like most of the other studies evaluating the 
microbiome in pediatric appendicitis, small. Further studies are evidently 
needed, with larger cohorts, and with correlation to clinical parameters 
(laboratory tests, history of recent upper respiratory infection). Further, it 
could be of value to relate the microbiome findings with the histopathology 
report. Finally, the macroscopic appearance of the appendix lumen should 
be thoroughly evaluated, for example with regard to the presence of 
obstruction.  
 
Considering the ongoing discussion and evaluation of conservative 
treatment of appendicitis with antibiotics, it is of great importance to fully 
understand the role of the microbiome in appendicitis. The differences in 
outcomes previously reported in antibiotic use for appendicitis may be due 
to patients having a different microbial composition in the diseased 
appendix. It is a tempting thought that bacteriological findings may, in 
future, influence the choice of treatment with antibiotics or an operative 
intervention. 
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Conclusions 

Paper I 

PAS seems to be a scoring system for pediatric appendicitis, especially in 
younger children, and was of no help in the children with parent’s delay. 
Parent’s and doctor’s delay were contributing factors in the delayed 
diagnosis of appendicitis in younger children, which may explain the higher 
rate of complicated appendicitis in this group. Parameters in patient history, 
symptoms, and abdominal examination are more diffuse in younger 
children.  

Paper II 

There are important gender differences in pediatric appendicitis. Girls seem 
to have a higher rate of negative appendectomies despite more preoperative 
imaging, and they experienced more operative complications despite lower 
perforation rate. Boys have a higher perforation rate despite equal time to 
appendectomy. 

Paper III 

Two-trocar laparoscopic appendectomy seems to be a safe and quick 
technique with a low rate of postoperative wound infections, and could be a 
good and safe complement to the conventional three-trocar technique.  

Paper IV 

In children with suspected appendicitis, urine LRG is a promising 
biomarker for differentiating between patients with and without 
appendicitis, and for evaluating the severity of the disease. If LRG is used 
in conjunction with the pediatric appendicitis score, high predictive values 
seem reachable.   



75 

Paper V 

The pattern of microbiome differed between the different inflammation 
groups, but also within the groups. No statistically significant differences 
could be found in the microbiome between groups or clinical conditions, 
and no correlation between a specific bacterium and grade of inflammation 
was found. In most cases of appendicitis, a specific bacterium does not 
seem to be the primary event. 
 

 

 

 

 

 

 

 

 



76 

Future aspects 

Finally, what may be the next steps in the research and management of 
pediatric appendicitis? 
 
•   Lowering the rate of misdiagnosis in young children with appendicitis. 

Perhaps through specific age-adjusted clinical prediction scores, but 
more likely through development of imaging and new biomarkers.  

•   Lowering the rate of negative appendectomies in girls, perhaps through 
new biomarkers.  

•   Larger, prospective, preferably multi-center studies with comparison of 
clinical prediction scores.   

•   Continuous development and evaluation of minimally invasive 
techniques for appendectomy. Focus should be on rather simple 
methods with equipment available in every operation theater.   

•   Evaluation of new biomarkers to be used in conjunction with clinical 
prediction scores. Emphasis should be on reducing the numbers of 
negative appendectomies, and the biomarker should preferably aid in 
equivocal cases. Perforation rates are probably harder to reduce with a 
novel biomarker.   

•   The pathogenesis of appendicitis, with focus on the role of bacteria but 
also of the immunological events in the inflammation process. A more 
defined picture of the pathogenesis could facilitate the evaluation of 
different treatments.   

 
Last but not least, until a clearer picture of the pathogenesis is presented, 
and better diagnostic accuracy with development of radiology and 
biomarkers is reached, we should not forget that patient history and 
abdominal examination are still the fundamental pillars of the clinician’s 
diagnostic arsenal.  
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